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LETTER  OF  TRANSMITTAL 


State  of  Noptii  Dakota, 
Agricultural  College,  N.  D.,  Dec.  9,  1902. 
Hon.  Frank  IVhiie,  Governor  of  North  Dakota,  and  the  Governing 
Board  of  the  Agricultural  College  Survey  of  North  Dakota : 

Sirs : — I  have  the  honor  to  submit  herewith  the  first  biennial  report 
of  the  Agricultural  College  Survey  of  North  Dakota  covering  its 
purpose,  organization,  administration  and  needs.  Your  attention  is 
respectfully  called  to  the  importance  of  an  agricultural  survey  in  a 
state  where  the  agricultural  features  will  always  stand  paramount  to 
all  other  natural  resources :  also  to  the  necessary  relation  of  this  sur- 
vey  to  the  work  of  the  state  experiment  station  and  the  urgent  need 
for  a  substantial  appropriation  that  will  establish  the  work  on  a 
permanent  basis  and  insure  a  continuation  of  a  liberal  co-operation 
and  support  from  the  federal  government. 

Very  respectfully, 

CHARLES  M.  HALL. 


REPORT 


PURPOSK. 

The  Agricultural  Colk-gc  Survey  of  North  Dak(..ta  was  organized 
during  the  suninicr  of  l!M)l  in  accordance  with  an  act  passed  by  the 
seventh  lejijislative  assembly  of  North  Dakora  entitVd,  **An  Act  Au- 
thorizing the  P»oar(l  oi  Trustees  of  the  North  Dakota  Agricultural 
College  to  co-operate  with  the  L'nited  States  Federal  Surveys,  Organ- 
ized L'nder  the  l.)ej)artnient  of  the  Interior  of  the  I'nited  States,  in 
Completing  a  Tnpograi)hic,  Agricultural  and  Geoloj^ical  Survey,  as 
Related  to  Agriculture.  Together  with  an  Kconr^mic  Ma])  of  North 
Dakota,  and  Making  an  Appr<)])riati()n  Therefor." 

The  organization  of  this  survey  is  a  direct  outgrowth  of  a  general 
plan  a<loi)te(l  by  the  I'^nited  States  federal  surveys  to  make  a  comj)lete 
and  uniform  ecrnnMuic  niaj)  of  the  whole  of  the  United  States.  This 
consists  essentially  of  surveying  first  a  base  map  known  as  the  tojM)- 
graphic  map  comi)<)sed  of  accurate  geograi)hic  and  ])olitical  maps — 
covering  areas  one  minute  scjuare,  which  not  only  show  all  natural 
features,  but  also  by  a  system  of  colored  lines  the  altitude  alxn-e  the 
5ea  for  every  twenty  feet  of  vertical  interval.  Following  the  i)rei)ara- 
tion  of  these  maps,  an  accurate  survey  of  the  natural  resources  is 
conducted  and  these  featiires  re]>resented  in  a  series:  of  colored  ])lates 
accompanying  descriptive  texts.  Many  stales  earlv  recognized  the 
advisability  of  the  investigation  and  development  o^  the  states*  nat- 
ural wealth  when  it  was  represented  by  the  precious  metals,  coals, 
oils,  or  the  like:  and  vast  sums  have  been  ex|)ende(!  by  states  in  the 
development  of  the  resources  through  their  state  geological  surveys. 
However,  it  was  not  until  recent  years  that  states  lik^  our  own.  whose 
resources  are  primarily  agricultural  be^ifan  to  reali/^^  that  there  is  an 
equal  necessity  for  showing  tlie  natural  conditions  with  respect  to  our 
agricultural  possibilities,  as  ex|)ressed  by  the  variation  and  distribu- 
tion of  soik.  water  supplies  and  native  and  introduced  fainia  and 
flora. 

The  federal  government  ha*i  recognized  the  im|M  rtance  of  aiding 
in  developing  these  agricultural  features  of  our  natural  restmrces,  and 
the  work  has  develo])ed  so  ra|)idly  ♦liat  within  a  fev;  shf»rl  \'ears  our 
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federal  govemnient  has  come  to  sjiend  an  annual  sum  amounting  to 
hundreds  of  thousands  of  dollars  in  the  surveying  and  mapping  of 
our  soils  and  water  resources ;  in  devising  means  of  storing  the  wa- 
ters for  irrigation,  or  the  preventing  of  flootls ;  in  preserving  the  for- 
ests, and  in  fostering  the  growth  of  native  vegetation.  But  a  few 
years  ago  the  first  plans  of  co-operation  were  entered  Into  and  a  pol- 
icy established  by  which  the  states  and  the  federal  i^ovemment  could 
work  together  in  conducting  these  surveys.  Thus  the  whole  work 
was  unified,  the  expense  of  separate  organizations  was  saved  and  by 
having  all  maps  prepared  at  the  government  printing  office,  the  work 
was  greatly  facilitated ;  more  money,  too,  was  spent  in  the  state  than 
could  be  done  if  the  state  should  attempt  to  do  the  work  unaided. 
This,  therefore,  has  been  the  purpose  of  the  organization  of  this 
survey ;  to  co-operate  with  the  federal  surveys  and  secure  their  assist- 
ance in  pursuing  the  survey  of  the  state,  emphasizing  the  study  of 
those  features  especially  agricultural,  water,  soil,  native  forests  and 
other  vegetation.  Thus  from  the  inception  of  the  survey  and  its 
close  and  necessary  relation  to  the  work  of  the  state  experiment  sta- 
tion, we  have  adopted  as  the  policy  of  the  survey  to  confine  our  work 
to  the  topog^phic  survey,  and  the  mapping  of  the  soils,  water  re- 
sources and  the  general  biological  survey  of  the  state. 

ORGAXIZATTON  AND  WORK 

According  to  the  above  policy  plans  for  co-operation  w-ere  entered 
into  with  several  of  the  federal  surveys — all  of  w-hich  have  responded 
freelv. 

The  field  work  is  separated  into  four  divisions :  The  hydrographic 
survey,  the  soil  survey,  the  topographic  survey  and  the  biological  sur- 
vey. In  addition  to  these  the  chemical  investigations  of  the  soils  and 
waters  are  being  conducted  in  the  station  laboratories,  under  the  di- 
rection of  Professor  E.  F.  I^dd. 

THE  HYDROGRAPHIC  SUR\TY. 

The  work  under  this  division  is  separated  into  two  branches,  the  in* 
vestigation  and  mapping  of  the  artesian  basins  and  underground 
water  supplies,  and  tlie  measurement  of  the  surface  or  stream  wa- 
ters and  their  stiidv  in  connection  with  the  prevention  of  floods, 
drainage,  power  and  irrigation. 

Tlie  work  on  the  artesian  basin  had  been  started  independently 

by  the  United  States   geological  sur\'ey  before  the  organization  of 

the  ^tate  survey  and  hence  it  is  in  a  more  advanced  stage.    This  work 

const  ists  in  detennining  the  structural  geology  of  the  region  and  the 

extent'  depth,  and  character  of  the  water  supply  from  both  the  ar- 
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tesian  basins  and  pump  water  horizons.  These  features  will  be  ilUis- 
tratc<]  in  the  reports  by  a  series  of  colored  maps  which  accompany 
the  descriptive  text,  and  which  show  the  toijographv.  the  surface  and 
structural  geologj'  of  the  district,  the  extent  and  depth  to  the  artesian 
basins  and  other  water  horizons.  A  bulletin  has  nlready  been  pre- 
pared by  this  division  of  the  work  covering  the  geology  and  water  re- 
sources of  a  portion  of  soutiieastern  North  Dakota.  The  area  cov- 
ered by  this  bulletin  is  sliown  in  the  accompanying  progress  map  and 


has  brought  out  many  intirestmg  features  conmct  d  with  the  east- 
em  hinit  of  the  Dakota  irttsian  Insui  ui  this  sttfion  of  the  state 
and  the  surface  geology  wlin.h  gi\es  rise  ti  such  \  ir\me  conditions 
relative  to  the  sods  withm  an  1  ilmg  the  borders  of  tht  Re  1  river 
valley  or  the  bed  of  the  ancient  glacial    Lake  Agassiz. 
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is  also  kepi  in  IVvils  I^ki'.  which  shuws  some  remarkablo  fluctua- 
tions in  recent  y».:ars  and  stations  arc  being  constructed  on  the  Mouse, 
Yellowstone,  .Missouri.  Knife,  Heart  and  Cannon  P.all  rivers. 

The  (lata  have  already  bi'tn  compiled,  forming  a  comprehensive 
report  on  the  hydrography  of  the  Red  river  basin,  which  will  go  to 
press  this  winter. 

The  total  ex]«.'nse'of  this  work  has  thus  far  been  met  bv  fe<lcral 
apprtipriations. 

THK  SOIL  SL'RVKV. 


The  soil  survey  of  the  stale  \\-as 
in  C'J-oixTation  with  the  division 
pariinent  of  agriciihiire.    The  area 


egun  during  the  summer  of  lJin2 
■f  soils  of  the  L'nitcd  States  de- 
elected  for  the  survcv  was  a  typi- 


cal section  ;! 


;  the  R. 


rivi 


■a!le\ 


1  tin! 


id  l"orks  county,  ex- 
;  miles  west  of  Lari- 


tending  from  the  Red  river  of  the  nori 

more  and  einiiracing  alxml  -.'iLOiKi  acres,  this  area  being  shown  in 

the  accompanying  i>rogress  map. 

Seven  types  of  soil  have  Ikvh  carefully  iii.-ippi-ri .  descriln>d  and 
studied  closely  with  resjieet  to  croi>  characteristics.  .\  series  of  niaps 
covering  the  same  area  have  Ijecn  ])rej>ared  showing  the  percenl.iges 
of  alkali  present,  which  in  many  cases  rise  abiwe  the  amount  damag- 
ing to  many  cereal  crops.  A  third  series  of  colored  maps  show  the 
(fefith  of  the  natural  water  table.    .\  bulletin  discussing  this  subject 
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has  been  prepare^l  anil  will  s«»n  be  is>ue«l  by  the  survey  and  dis- 
tributer! gratis  to  all  in  the  state  who  request  it. 

Mr.  C.  A.  Jensen,  of  the  United  '^taies  depanment  of  agriculture, 
had  charge  of  the  field  work  during  the  season  oi  V»'»*3,  our  own  state 
furnishing  his  assistants,  who  are  being  trained  in  the  work.  This 
is  but  the  very  beginning  of  a  w«»rk  which  pp'^Tr.ises  i:i«-it  fruitful 
results,  especially  where  soil  conditions  are  diverse. 

Tr>Pt  JGRAPHIC  Sl'RX'EV. 

The  top-:»graphic  survey  consist >  *:*i  making  an  accurate  political 
an«l  ge'i.graphic  map  oi  the  state  in  quadrangles,  about  twenty-five 
miles  wide  by  thirty-five  miles  long,  each  map  representing  an  area 
of  abiT'Ut  eight  hundred  square  miles  on  a  scale  oi  two  miles  to  the 
inch-  These  maps,  besi^les  showing  accurately  all  politi^^I  features, 
streams  and  lakes,  railroads,  gjaded  r«>ads.  towns,  etc..  also  repre- 
sent by  small  colored  lines  the  topography  of  the  ccuuitry  or  the  alti- 
tude above  the  sea  for  ever\-  twenty  feet  oi  venical  interval.  These 
maps  are  invaluable  as  official  maps  of  reference  for  all  kin* Is  of  sur- 
veying, and  also  answer  for  all  preliminary  drainage  or  irrigation 
sur\-eys.  and  are  used  as  base  maps  for  all  subsequent  scientific  sur- 
veying and  mapping.  A  number  of  these  sheets  have  already  been 
prepared  within  Xonh  Dakota,  but  the  operations  of  the  federal  sur- 
vey have  been  directed  elsewhere  on  account  of  greater  demands  for 
the  work  and  more  liberal  cc^-operation  on  the  part  of  other  states. 

The  limited  funds  at  the  disposal  of  our  state  survey  has  prevented 
our  offering  any  substantial  co-operation  with  this  division  of  the 
federal  service.  However,  from  the  necessity  for  more  of  these  maps 
for  use  by  the  other  branches  of  the  sur\-ey  and  in  ihe  hope  of  future 
co-operation  on  the  part  of  the  state,  an  area  covering  about  ."^«>0 
square  miles  has  been  surveyed  in  the  upper  Red  river  valley  during^ 
liK»2  covering  a  quadrangle  in  Richland  countv.  which  will  be 
known  as  the  W'ahpeton  sheet  or  map.  and  will  nrobabl)  be  ready 
for  distribution  during  the  latter  part  of  the  winter. 

BIOLOGICAL  Sl'R\'EY. 

The  agricultural  survey  of  any  region  is  ino>nip!e:c  withi-^ut  a 
thorough  knowledge  of  the  native  vegetation  and  a:r;r:\ii  life  of  the 
district- 
There  are  several  economic  features  which  the  hiologiou!  Itvi^ioii 
of  the  sur\-ey  wishes  to  take  up.  Among  the  moro  i:::^. tm:::  is  a 
studv  of  the  grasses  and  forage  plants.  Before  the  a-c  is  .^:*  tliis 
state  were  put  under  cultivation,  the  prairies  were  a^vcro  •  with  lux- 
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uriant  growths  of  nutritious  grasses  and  legumes  In  early  days 
these  plants  provided  food  for  countless  herd  of  bison  and  more  re- 
cently the  prairies  have  been  the  grazing  grounds  of  vast  herds  of 
stock.  But  these  conditions  are  rapidly  changing.  The  tillable  areas 
are  coming  into  cultivation  and  the  grazing  lands  are  being  lessened 
in  extent.  This 'course  of  events  is  inevitable  and  is  for  the  general" 
good.  But  the  breaking  up  of  such  vast  areas  of  land  has  an  effect 
upon  the  native  flora  that  can  be  viewed  only  with  alarm  by  con- 
servative men.  Many  of  our  most  valuable  grasses  and  forage 
plants  are  being  rendered  rare,  if  not  extinct,  by  such  means.  It  is  a 
fact  that  needs  no  argument  that  our  native  grass  and  forage  plants 
are  the  best  adapted  for  this  region.  Therefore,  any  course  of  pro- 
cedure which  tends  to  wipe  out  of  existence  the  valuable  native  plants 
is  prejudicial  to  the  best  interests  of  our  commonwealth.  After  the 
virgin  prairie  has  been  broken  the  tendency  for  the  first  few  years 
is  to  crop  the  land  almost  exclusively,  but  our  best  farmers  and  the 
experiment  station  have  concluded  that  such  methods  do  not  pay  in 
the  lone:  run.  Thev  sav  that  in  a  few  vears  it  will  be  absolutely  nee- 
essary — if  we  wish  to  keep  up  our  present  state  of  fertility — to  seed 
down  our  lands  occasionally  to  grasses  and  legumes.  Now,  it  is 
the  desire  of  the  survey  to  ascertain  the  plants  which  are  suitable 
for  the  various  regions  before  they  become  quite  exterminated  and 
it  is  believed  that  both  the  farmer  and  the  ranchman  can  be  much 
benefited  by  a  careful  study  of  the  plants  in  their  native  regions. 

A  person  traveling  over  the  older  cultivated  areas  of  the  state  and 
even  some  of  the  more  newly  cultivated  portions  is  struck  by  the 
abundance  of  weeds.  It  is  probably  no  exaggeration  to  state  that  the 
weeds  of  North  Dakota  absorb  each  year  one-tenth  of  the  entire  value 
of  the  crop.  A  study  of  the  distribution  and  relative  abundance  of 
the  weeds  will  be  a  part  of  the  work  of  the  survey,  and  as  a  result 
the  experiment  station,  which  will  be  in  close  touch  with  the  survey, 
will  be  in  better  position  to  advise  the  farmers  of  the  state  in  regard  to 
the  best  methods  of  exterminating  weeds,  etc. 

While  the  forested  area  of  the  state  is  small,  yet  its  value  per  square 
mile,  is  not  diminished  on  that  account.  Much  of  the  area  covered 
by  timber  is  ill  adapted  for  farming,  if  cleared,  and  if  the  ground 
remains  covered  by  forest,  the  income  will  be  greater  than  if  cleared 
and  used  for  grazing  purposes.  It  will  be  the  aim  of  the  survey  to 
study  the  forested  areas  and  to  suggest  methods  of  treatment  bv 
which  thev  will  yield  a  continuous  income.  Much  of  the  timber  is 
situated  along  streams  that  will  furnish  power,  if  demanded,  and  thus 
good  opportunity  is  presented  for  the  development  of  manufacturing 
industries. 
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Tr-'.-rr-  ar*:  rr.an;.  ::.c'I:c:r*a:  j-lanii  in  ihc  state.  t!*r  •!:>:  ■ibution  and 
relativT  io  ir.iari'f:  ■  f  which  arc  cor::jiarat:veIy  unkno'ATi.  There  is  a 
g>.-:  'Ir-rr-ar.:  :'^r  v.rr.'.-  o:  thc-ie  plants  an»l  the  sT-'^vth  '■:  theni  would 
\j':  a  r^r  .ntab'-r:  :n':i:*trv.  It  will  rx-  the  air::  •■f  the  sur\-ev  to  inves- 
t:2'at':  'hi*  sub-vc  an*:  repT'rt  uj-  n  the  ::ic:h-vls  an«i  feasibility  oi  the 
c-Jitivation  of  n:e«iic:na!  plants. 

A^i^'Ir  fr-zr:  thc»c  rr.ore  izr.riortant  vojn^'ir.ic  nha-cs  uw  hi • 'logical 
^I: '.'is ion  of  the  survey  ui!l  st*.:'iy  either  economic  quest!«>ns  as  they 
ar:*e  an^i  also  r:aV:e  a  general  scientinc  study  ''•f  the  plants  and  ani- 
mal of  the  state. 

Th»rr':  is  no IV  iindtr  preparati'-n  a  ri.-vise»l  list  •: '  the  ^ee-i  bearing 
plar.t'  of  N'orth  Daic'ta.  which  wi!;  be  piiblisheil  as  a  survey  bulle- 
tin for  frf-'.-  <::itribi:ti'  n  as  -<>.'n  as  omplcted. 

•HKMI'.AL  IXVKSTI«;aTK»\S. 

i  iri-'-r:  hvrt:--.'.  ith  an  "iitline  of  the  chc:i:ica:  inve-tizati-  -ns  which  are 
fr'rrn-.ia:  -o  the  cr/plete  Wifk  of  the  survey  and  yet  fn-n':  their  nature 
ap-  *':i^;irat*'  fr-r:  the  U'^rk  ff  the  experi:7'.rnt  s::::i"n.  nml  TTUist  be 
^ionr  at  th-  evp.!:-:  f>:  the  -urvey.  This  w-rk.  li^wcver.  wi!:  Ixr  done 
in  the  -'ati'-n  Irdi.  .rat- -rie^  at  :r.erely  the  C"-t  "f  the  r..ater:al<  used 
and  •h'-  lrily;r  of  the  as -i slants  retjiTired. 

SVA'A)  r'd<  WATKR  ANT)  SfdL  STmiKS 

F''T  the  }fu*ui  "f  the  far:r.er>  of  tlie  state  '-ne  «if  tlie  '^reat  nrob- 
leir.-  that  need  t"  jk-  -tudie^l  is  the  water  supply  "f  tiie  >!ate.  The 
wat'-r-i  of  :hr  -t.ite  -h««-.v  a  wide  range  of  ditterence  "n  th.e  t  'tal  >»>lids 
uhi'h  the-.  e/,ntain  ■  aI-'»  in  the  character  of  the  nii-'-eral  o-nstituents 
c:on-titT!tinL':  th'--e  -«»Iid-.  Th<-re  is  a  ranjje  of  fri»m  less  than  tw«i  hun- 
dred iNirt-  T"r  trillion  of  t«.tal  solids  t')  more  than  -^"..MrMi  pans. 
Thore  i^  an  rr|;iall\  n:arked  range  in  the  character  **i  these  s-.lids. 

It  \<  parti'-ii1ari\  important  that  such  an  investitration  W-  under- 
taken iK-fore  much  i-  d^ne  in  !rrigatir»n.  With  a  snil  alrea«:\  heavily 
charged  with  «Mhth:e  sahs  it  is  a  matter  <»f  the  irreatest  i:nj>ortancc 
to  know  the  character  of  the  water  to  Ik'  used  f^r  purj). -sev  ,.f  irri^ra- 
tion.  The  >upijly  of  writer  for  irrigation  ])Ur]H»s«.N  mui<*  ]k  derived 
from  on«r  of  the  following  sources  : 

1.     Tlie  rivers  an<I  streams. 

'i.     Stored  flfK»d  water. 

-'5,     .Artesian  wells. 

4.     Surface  wells. 
The  waters  from  the  third  and  fourth  sources  will  li:ive  a  wider 
range  of  use  than  those  from  the  cnher  two  sources.     The  artesian 
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well  water  of  the  state  contains  from  about  five  hundred  parts  to 
25,000  parts  per  million  of  solids.  The  artesian  basins  of  the  state 
need  to  be  well  defined  and  the  waters  care  full  v  analyzed :  then  we 
shall  know  what  to  expect  to  find  m  several  localities  and  to  what 
extent  those  waters  can  be  employed  in  agriculture.  It  is  of  equal 
importance  that  this  systematic  study  be  made  in  order  to  know  what 
waters  are  suitable  for  domestic  use,  and  again  for  the  supplying  of 
animals  with  drinking  water.  Some  of  these  artesian  waters  are 
known  to  be  so  charged  with  alkaline  salts  and  with  glaubers  or 
epsom  salts  as  to  be  injurious  to  animals  drinking  the  same,  partic- 
ularly horses,  which  are  more  susceptible  than  are  cattle. 

The  waters  in  the  surface  wells  vary  even  more  than  the  artesian 
waters  and  for  like  reasons  the  waters  from  surface  wells  should  be 
analyzed  and  classified  into  areas  of  like  composition. 

The  chemical  department  is  already  in  possession  of  a  large 
amount  of  data  which  could  be  utilized  in  a  systematic  survey;  but  at 
present  the  data  are  useless  except  for  individual  cases. 

SOIL  STUDIES. 

No  study  or  classification  of  soils  can  be  complete  that  does  not 
take  into  consideration  their  chemical  composition.  Any  agricultural 
survey  to  be  made  should  include  the  chemical  studies  necessary  for 
a  full  knowledge  of  the  composition  of  the  soils  of  the  state ;  then  the 
areas  of  like  composition  can  be  outlined  with  great  value  to  the  fu- 
ture agricultural  development  of  the  state.  To  know  the  soil  of 
the  state  is  to  know  the  future  jx^ssibilities  of  the  state's  ag^iculural 
development.  Without  systematic  knowledge  all  advances  are  made 
at  great  sacrifices  of  time  and  wealth.  Why  should  we  not  know  the 
soils  of  our  state  as  we  know  its  fauna  or  flora  ?  A  knowledge  of  one 
is  riot  complete  without  a  knowledge  of  the  other.  If  one  is  a  bene- 
fit to  a  commonwealth,  then  the  others  must  be.  Are  the  soils  of  the 
state  all  uniform  in  composition?  If  not,  are  there  areas  of  like 
chemical  and  physical  properties?  If  so,  to  know  such  areas  is  to 
know  what  these  soils  are  deficient  in  and  wherein  thev  need  to  l>e 
supi)lemented  with  plant  food.  It  enables  us  to  intelligently  judge  of 
the  kind  of  crops  best  adapted  to  be  grown  upon  these  soils.  A 
knowledge  of  the  soils  of  the  state  such  as  I  have  indicated  would  be 
if  incalculable  value  to  the  state  in  the  use  of  fertilizers  alone.  It 
mav  be  safelv  said  that  millions  of  dollars  are  spent  each  vear  in 
this  country  for  commercial  fertilizers  that  are  not  needed  to  pro- 
duce good  crops.  If  we  knew  the  composition  of  our  soils,  the  needs 
of  plants  in  the  way  of  plant  food,  and  knew  how  to  conserve  plant 
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food  in  the  soil,  and  how  to  reserve  plant  food  available,  we  should 

be  able  to  add  many  millions  of  dollars  to  the  wealth  of  our  state 

and  yet  leave  a  soil  more  productive  than  the  one  with  which  we 

began,    A  knowledge  of  the  chemistry  of  our  soils  would  make  such 

a  thing  4>ossible. 

E.  F.  LADD, 

Chemist. 

PLANS  OF  WORK,  ADVANTAGES,  COST. 

The  chief  object  in  the  organization  of  this  survey  is  to  effect  a  co- 
operation between  the  state  and  the  federal  surveys  for  the  pur- 
pose of  securing  their  aid  in  "executing  a  topographic,  economic 
and  agricultural  survey  and  map  of  North  Dakota."  In  arranging 
the  details  of  co-operation  with  the  federal  surveys  the  law  directs 
that  the  federal  surveys  **thus  co-operating  with  the  state  of  North 
Dakota  shall  agree  to  expend  on  the  part  of  the  United  States  upon 
said  w.ork  a  sum  equal  to  that  appropriated  by  the  state  of  North 
Dakota  for  that  purpose." 

The  limited  amount  of  money  at  the  disposal  of  the  state  survey 
was  almost  insignificant  as  compared  with  the  cost  of  starting  the 
different  branches  of  work  undertaken,  which  in  several  instances  has 
been  borne  entirely  from  the  federal  funds.  This  work  has  been  es- 
tablished with  the  expectation  that  the  state,  when  it  sees  the  advant- 
ages of  this  organization  will  come  to  a  substantial  co-operation  in 
the  future.  It  is  the  plan  of  the  survey  to  select  at  the  beginning  of 
each  season,  definite  areas  for  work  and  to  complete  these  as  soon  as 
possible,  publishing  the  results  with  maps,  etc.,  as  bulletins  for  free 
distribution,  and  to  avoid  as  much  as  possible  that  general  or  pre- 
liminary work  which  requires  future  duplication  Arrangements 
have  been  made  with  the  different  federal  surveys  whereby  the  col- 
ored plates,  maps  and  engravings  arc  to  be  made  at  the  government 
printing  office  and  these  are  to  be  used  by  the  state  at  the  mere  cost 
of  printing.  While  this  necessitates  some  delay  in  the  issuing  of 
bulletins,  it  is  compensated  by  the  great  saving  to  the  state  and  the 
high  quality  of  workmanship  produced. 

Bulletins  will  be  issued  from  time  to  time  as  each  branch  of  the 
survey  completes  its  work  over  a  given  area  and  as  the  survey  of  each 
county  IS  completed  final  reports  by  counties  will  be  published.  Al- 
ready several  bulletins  are  completed  or  will  go  to  press  this  winter; 
their  publication  is  now^  being  deferred,  awaiting  the  preparation  of 
the  maps  at  the  government  printing  office. 
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The  above  bulletins  cover  the  following  subjects  : 

(1)  *The  soils  of  a  typical  section  of  the  Red  river  valley  em- 

braced in  Grand  Forks  countv,  N.  D/' 

(2)  *The  hydrographv  or  water  resources  of  the  Red  river 

valley." 

{'^)     *The  surface  geolog}'  and  artesian  basinr  of  a  section  of 
southeastern  North  Dakota." 

In  addition  to  these  the  biological  division  is  preparing  a  revised 
list  of  the  seed  bearing  plants  of  North  Dakota  and  the  chemical 
division  is  at  work  on  the  chemistry  of  soils  and  waters  of  the  areas 
sur\^eyed. 

The  expense  of  the  work  done  under  the  survey  diumg  the  last 
biennial  period  is  as  follows : 

Topographic  survey  of  the  Wahpeton  quadrangle   ....  $2,500.00 

Hydrographic  survey  including  stream  measurements.  .  1,824.26 

Field  work  soil  survey  1002 1,:524 .07 

Apportionment  for  biological  survey 100.00 

Apportionment  for  chemical  work 100.00 

Miscellaneous  expenses . .  ' 400 .  00 

Total    $  6,218.33 

Of  this  sum,  exceeding  six  thousand  dollars  spent  principally 
within  the  state  during  the  past  two  years,  the  state  has  furnished  less 
than  one  thousand  dollars  or  only  about  one-sixth  of  the  total  amoimt. 

A  record  of  the  disbursement  of  the  state  funds  through  the  sur- 
vey is  kept  by  a  system  of  vouchers  and  sub-vouchers  covering  all 
items  of  expense  and  audited  by  a  member  of  the  board  of  trustees, 
the  books  always  being  open  for  inspection. 

PRELTMINARY  ECONOMIC  y\AF  OF  NORTH  DAKOTA. 

Since  the  organization  of  this  survey  the  number  of  inquiries  re- 
ceived by  parties  both  in  our  own  and  neighboring  states  relative  to 
the  economic  resources  of  North  Dakota,  more  especially  to  the  ex- 
tent of  the  Red  river  valley,  the  arte5?ian  basins,  our  annual  precipi- 
tation, etc.,  have  drawn  heavily  upon  our  time  in  collecting  the  data 
and  in  making  replies.  After  consultation  with  the  governor  and 
commissioner  of  agriculture  it  was  decided  to  combine  a  preliminary 
geologic  and  economic  map  showing  the  present  extent  of  our  knowl- 
edge of  these  features  with  our  official  state  and  railroad  map  for  a 
general  distribution.  This  map  which  accompanies  the  report  not 
onlv  fulfills  a  great  demand  for  more  general  knowledge  of  the  econ- 
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41'^  feet.     Flow  at  first.  4,«"iO  barrels  per  day. 
Flowing  well.  Staples  farm.   Cass  county,   depth  514  feet..       148 
Same  a*  abi">vo,   gage  closed. 
I-akes     from     overflow     from     Staples     well.      (See   Plate 

XXXIV.)    148 

Tanks   for  storing   w.ner  from   ariesi.in  well  of  light  flow, 

Dalrymple  farm,  near  Cas^elion. 
Budke  well,  soutliwcs:  of  Wheatland.     Showing  sand  which 

has  been  thrown  out  oi  the  well .   li^'"^"*  148 

Flowing  well,  3'^  fee:  deep.  Red  River  valley. 


LETTER  OP  TRANSMITTAL 


To  Hon,  Frank  White,  Governor  of  North  Dakota,  and  the  Honor- 
able,  the  Governing  Board  of  the  Agricultural  College  Snrjey  of 
Xorth  Dakota: 

Sirs:  I  have  the  honor  to  present  herewith  the  second  biennial 
report  and  accompanying  papers  of  the  Agricultural  College  Survey 
of  North  Dakota,  including  the  work  of  administration  and  the 
field  operation  for  the  biennial  period  of  Nineteen  Hundred  and 
Three  and  Nineteen  Hundred  and  Four.  My  connection  with  the 
Survey  as  director  dates  from  the  first  day  of  April,  Nineteen  Hun- 
dred and  Three,  on  w-hich  day  the  duties  of  instructor  in  the  Agri- 
cultural College  were  assumed,  and  therewith,  as  required  by  the 
law  organizing  the  Survey,  the  duties  of  Director  of  the  Agricul- 
tural College  Survey  of  tlie  State. 

The  organization  and  administration  of  the  Survey  had  been  so 
well  done  by  my  lamented  predecessor,  the  late  Professor  Charles 
H.  Hall,  that  the  successful  progress  and  carrying  forward  of  the 
work  seemed  but  to  require  the  continuation  of  the  plans  which 
had  been  outlined  and  the  carrying  on  of  the  work  which  had  been 
begun. 

As  agriculture  is  now  and  seems  destined  by  Nature  to  be  an 
industry  of  unequalled  importance,  in  this  state  the  vital  value  and 
importance  of  a  survey  having  the  varied  phases  and  departments 
of  agriculture  for  its  aim  and  puq)Ose  wc»uld  seem  to  be  apparent. 
Recognizing  the  importance  of  a  scientific  study  of  those  subjects 
most  fundamentally  connected  with  agriculture,  the  Seventh  Legis- 
lative Assembly  authorized  such  a  survey,  and  by  the  provisions 
of  the  act  of  organizatirni  constituted  you  its  guardians  and  sponsors. 
Acting  under  your  authority,  therefore,  I  prosjnt  you  herewith  a 
report  which  attempts  to  show  what  work  has  been  undertaken, 
and  the  needs  of  the  survev  in  order  that  its  usefulness  mav  be 
enhanced  and  realized. 

Your  honorable  attention  is  respectfully  called  to  the  great  dis- 
crepancy between  the  amount  appropriated  by  the  state  for  this 
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co-Opera: ive  >ur\-ey  and  that  expended  by  the  federal  government 
f  r  s'JiTv^ys  witfiin  the  limits  of  the  state,  the  latter  being  fully  five 
rimts  the  amount  of  the  former.  Attention  is  thus  particularly 
directed  to  this  fact  because  it  has  been  adopted  as  the  working 
policy  of  the  general  government  to  exp>end  money  for  sur\-eys  in 
those  states  where  money  is  also  furnished  for  such  surveys  by  the 
s:a:e.  and  it  is  the  piMicy  to  exfxrnd  an  amount  equal  to  that  ex- 
pended by  the  state.  It  is  therefore  obvious  that  it  is  gjeatly  to 
the  financial  interest  of  the  state  to  meet  the  cordial  co-operation 
offered  by  the  federal  government  with  a  fair  consideration.  In 
the  following  pages  of  the  administrative  rep'Drt  the  needs  of  the 
different  divisions  represented  by  the  survey  are  set  forth,  and  a 
careful  consideration  of  the  facts  is  earnestly  requested. 

Ver}"  respectfully  yours. 

Daniel  E.  Willard. 

Director. 


ADMINISTRATIVE  REPORT 


THE  SECOND  BIENNIAL  REPORT 

OF  THE 

AGRICULTURAL  COLLEGE  SURVEY 

OF  NORTH  DAKOTA 


BV    DANIEL   E.    WILLARD^    DIRI-XTOR. 

Plan  and  Purpose  of  the  Sitriry. — The  purpose  of  the  Agricul- 
tural College  Survey  is  indicated  by  the  title  of  the  law  organizing 
the  survey,  viz :  "An  act  authorizing  the  iKoard  of  trustees  of  the 
North  Dakota  Agricultural  College  to  co-0])erate  with  the  UniteJ 
States  Federal  Surveys,  organized  under  the  department  of  the  in- 
terior of  the  United  States,  in  completing  a  topographic,  agricultural 
and  geological  survey  as  related  to  agriculture,  together  with  an 
economic  map  of  North  Dakota,  and  making  an  appropriation  there- 
for." 

In  a  state  in  which  the  welfare  of  so  great  a  percentage  of  its  citi- 
zens is  directly  related  to  agriculture  it  is  of  the  greatest  impor- 
tance that  every  avenue  leading  to  the  more  i>erfect  development  of 
the  resources  of  soil  and  water  supj^ly  should  be  followed  up.  The 
Agricultural  College  and  Experiment  Station  is  a  natural  center 
from  which  many  important  investigations,  touching  ujion  the  va- 
rious phases  of  agriculture,  would  take  their  origin.  The  relations 
of  the  structure  of  the  earth  below  the  surface  to  the  water  supply 
and  the  rock-character  of  the  soils  to  crop  {production  are  such  that 
the  investigations  of  the  biologic,  chemical  and  agricultural  divisions 
of  the  experiment  station  must  necessarily  be  intimately  associated 
wuth  the  work  of  a  geological  survey. 

Organization  and  ll'orkinji^  Methods. — While  in  its  character  the 
Agricultural  College  Survey  is  co-operative  with  the  Cnited  Statts 
Federal  Surveys,  yet  it  is  indei)endent  in  the  management  of  its 
finances.  For  all  expenditures  for  subsistence  in  the  field,  salaries 
for  services  or  the  purchase  of  materials  sub-vouchers  are  taken,  fol- 
lowing the  very  accurate  and  perfect  system  employed  by  the  United 
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carried  on  in  different  parts  of  the  United  States.  It  is  only  possi- 
ble to  present  with  this  report  an  incomplete  description  of  the  re- 
sults that  have  been  accomplished  in  this  state  in  these  investiga- 
tions. The  results  are  being  elaborated  and  will  be  published  with 
full  descriptive  text  and  colored  maps  in  folios  of  the  United  States 
Geological  Survey.  Portions  of  the  text  of  the  Fargo-Casselton 
folio,  now  in  press  at  Washington,  are  by  permission  of  the  authori- 
ties of  the  federal  surveys  included  in  the  accompanying  papers  of 
this  report.  Some  of  the  results  also  of  the  underground  water  in- 
vestigations in  the  territory  embracing  all  or  portions  of  the  coun- 
ties of  Cass,  Barnes,  Stutsman.  Richland,  Ransom,  Sargent,  La- 
Moure  and  Dickey  are  inchided  in.  the  accompanying  report. 

Topographic  Sun'cy, — During  the  summer  of  1901^  a  survey 
was  made  by  the  United  States  Geological  Survey  for  the  purpose 
of  establishing  primary  control  preparatory  to  the  detailed  topo- 
graphic survey  on  the  two  quadrangles  lying  north  of  the  Fargo 
and  Cassclton  quadrangles.  The  completed  topographic  map  of 
these  areas  w-ill  be  made  another  season.  After  the  topographic 
survey  has  been  completed  the  arcal  geolog}-  and  underground 
water  investigations  will  follow. 

Surrey  of  the  Voteaus  of  the  Misoiiru — The  Agricultural  Survey 
has  undertaken  the  completion  of  an  important  bit  of  mapping  in  the 
western  portion  of  the  state  in  the  region  known  as  the  coteaus  of 
the  Missouri. 

The  coteaus  arc  really  glacial,  or  morainic,  hills,  and  constitute 
the  outer  of  the  series  of  terminal  moraines  which  were  formed  at 
the  edge  of  the  great  ice  sheet  during  the  closing  stages  of  the  glacial 
period.  The  hills  in  this  region  form  a  portion  of  a  vast  system 
which  extends  from  far  north  and  west  in  Canada  in  a  southwest- 
erly direction  across  North  Dakota  and  South  Dakota,  thence  in  a 
generally  easterly  direction  across  the  continent  to  the  Atlantic 
ocean. 

No  accurate  map  of  that  portion  of  this  great  moraine  lying  in 
North  Dakota  north  and  west  of  the  main  line  of  the  Northern  Pa- 
cific railway  between  Jamestown  and  Bismarck  to  the  international 
lx)undary  at  the  northwest  corner  of  the  state  has  ever  been  made. 
jMore  or  less  detailed  and  complete  maps  of  this  great  moraine  have 
been  made  in  other  states,  but  not  before  in  North  Dakota. 
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This  region  embraces  one  of  the  great  grazing  domains  of  the 
state.  The  system  of  morainic  hills  and  attendant  deposits  within 
the  state  embrace  an  unmapped  tract  varying  from  twenty  to  fifty 
miles  in  width  and  200  miles  in  length.  This  region  has  wjthin  the 
past  few  years  been  in  part  occupied  by  settlers  who  desire  to  pur- 
sue general  farming.  A  large  part  of  this  great  tract  is  still  open  to 
homestead  entry.  Considerable  tracts  of  these  lands  are  better 
ada4>ted  to  grazing  than  to  general  farming. 

The  survey  had  a  twofold  purpose  in  undertaking  the  preparation 
of  an  agricultural-geological  map  of  this  portion  of  the  state.  First, 
it  was  deemed  of  great  importance  to  the  state  that  the  character 
and  adaptability  of  these  lands  to  farming  and  grazing  should  be 
made  known,  for  the  benefit  of  homeseekers  and  in  the  general  in- 
terest of  the  development  of  the  resources  of  the  state.  Second,  it 
seems  highly  desirable  that  a  map  of  the  portion  of  the  great  conti- 
nental moraine  lying  within  the  territory  of  North  Dakota  should  be 
systematically  and  correctly  mapped.  All  other  portions  of  this 
great  moraine  have  been  mapped,  from  the  Missouri  river  in  South 
Dakota  to  the  Atlantic  ocean.  Accordingly  what  has  been  called  an 
agricultural -geological  survey  has  been  undertaken,  and  a  party  con- 
sisting of  four  men  was  placed  in  the  field  in  July,  1903.  Minot 
was  the  railroad  point  from  which  operations  were  conducted,  and 
a  field  camp  was  first  established  about  thirty  miles  south  by  south- 
west of  Minot,  in  township  152,  range  54.  The  party  consisted  of 
the  director,  two  assistant  geologists,  a  soil  specialist,  and  for  a  part 
of  the  time  a  biologist,  who  gave  attention  to  the  native  grasses  of 
the  region.  A  map  showing  the  area  surveyed  and  a  descriptive 
report  of  the  investigations  made  will  be  found  with  the  accompany- 
ing papers  of  this  report. 

Biolofrical  Survey. — A  biological  survey  of  the  state  was  contem- 
plated in  the  organization  of  the  Agricultural  College  Survey,  the 
purpose  being  to  make  a  thorough  and  systematic  study  of  the  native 
grasses  and  other  useful  and  injurious  plants,  and  to  determine  as 
far  as  practicable  the  value  and  detriment  respectively  of  these.  The 
study  of  the  native  plants  gives  a  key  to  the  cultivated  varieties  that 
can  be  best  grown  under  given  conditions  of  soil  and  climate.  The 
plants  of  any  region  are  so  intimately  associated  with  the  soil  and 
other  geologic  conditions  that  a  biological  survey  and  a  geological 
survey  naturally  supplement  each  other. 
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The  limited  funds  available  for  the  work  of  the  Survey  has  ren- 
dered it  impracticable  to  do  anything  more  than  the  merest  prelimi- 
nary work  looking  toward  the  ultimate  completion  of  the  biologic 
division  of  the  economic  map  of  the  state. 

Progress  in  the  Division  of  Chemistry, — Owing  to  the  limited 
finances  it  is  possible  to  report  only  a  comparatively  small  amount 
of  progress  made  in  the  chemical  investigations  of  the  waters  and 
the  soils  of  the  state  in  proportion  to  what  the  importance  of  the  sub- 
ject demands.  What  has  been  accomplished  has  been  through  the 
chemical  laboratories  of  the  college  and  by  those  regularly  engaged 
in  chemical  work,  under  the  direction  of  Professor  E.  F.  Ladd. 
Owing  to  the  large  demands  upon  Professor  Ladd's  time  for  other 
chemical  investigations  and  to  the  crowded  condition  of  the  college 
laboratories,  it  has  been  impracticable  to  attempt  the  systematic 
classification  and  analvsis  of  soils  and  waters  that  had  been  con- 
templated. 

FIELD  OPERATIONS,  1904. 

Soil  Survey, — During  the  season  of  1904  a  very  thorough  and  de- 
tailed soil  survey  was  made  in  southern  Towner  county,  Cando  be- 
ing headquarters  for  the  party.  Two  experts  were  sent  from  the 
Department  of  Agriculture,  bureau  of  soils,  on  July  1st,  and  they 
spent  the  months  of  July,  August  and  September  in  this  field.  An- 
other  survev  was  made  in  Ward  county,  near  Minot,  bv  a  soil  stu- 
dent  from  the  college.  Reports  of  these  surveys  accompany  the 
present  report. 

The  survey  in  Towner  county  was  conducted  by  Mr.  E.  O.  Fippin 
and  Mr.  J.  L.  Burgess,  trained  soil  specialists.  In  order  to  facili- 
tate the  work  and  give  the  state  the  largest  possible  benefit  of  the  lib- 
eral treatment  extended  by  the  federal  authorities,  two  assistants 
were  sent  from  the  college,  thus  making  it  possible  to  extend  the 
investigations  over  a  larger  territory  than  would  otherwise  have 
been  possible.  Two  parties  or  sections  were  organized  for  the  con- 
duct of  the  field  w-ork,  a  specialist  and  an  assistant  constituting  each 
party. 

The  only  expense  incurred  on  the  part  of  the  state  for  this  work 
was  the  salary  and  expenses  of  the  two  assistants,  all  expenses  for 
livery  services  for  both  parties  being  borne  by  the  bureau  at  Wash- 
ington. 
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A  survey  covering  an  area  of  two  townships  situated  near  Mi- 
not  in  Ward  county  was  made  by  Mr.  Rex  E.  Willard.  This  sur- 
vey was  undertaken  because  of  the  importance  of  this  region  as  a 
n/ewly-developed  agricultural  region.  The  territory  selected  lies 
ill  part  on  the  bottom  of  the  ancient  glacial  Lake  Souris  and  in  part 
on  the  higher  land  which  bordered  the  lake  on  the  west.     • 

Arcal  Geology  and  Underground  Waters. — During  the  summer  of 
1904  the  investigations  which  w^ere  in  progress  during  the  preced- 
ing season  w-ere  continued  under  the  auspices  of  the  Division  of 
Hydrography,  United  States  Geological  Survey.  The  detailed  study 
of  the  Eckelson  quadrangle,  lying  between  Valley  City  and  James- 
tow^n,  w'as  carried  on  by  the  writer  and  Mr.  H.  \,  Hibbard.  A  full 
report,  including  colored  maps  an^  descriptive  text,  will  be  publish- 
ed by  the  United  States  Geological  Survey  as  a  folio. 

Survey  of  the  Cotcau  of  the  Missouri. — The  survey  in  the  coteau 
region,  commenced  in  1903,  w'as  continued  in  1904,  as  much  being 
done  as  the  funds  available  would  allow.  It  was  necessary  to  dis- 
continue the  work  in  this  field  before  the  close  of  the  seaosn  owing 
to  the  fact  that  the  funds  had  been  exhausted. 

During  the  seasons  of  1893-4  an  extent  of  territory  embracing 
about  sixty  townships  has  been  mapped,  and  a  map  of  the  region 
traversed,  and  a  descriptive  report  on  the  character  of  the  lands 
accompanies  this  report. 

Topographic  Survey. — A  topographic  surveying  party  was  sent 
from  Washington,  which  was  engaged  the  entire  summer  in  the 
preparation  of  a  topographic  sheet  embracing  portions  of  Richland, 
Ransom  and  Sargent  counties,  and  known  as  the  Wyndmere  sheet 
or  quadrangle.  The  entire  expense  of  this  work  w^as  l)orne  by  the 
federal  government,  the  state  survey  having  so  meager  an  amount 
to  offer  for  co-operation  that  it  w^as  declined  and  the  entire  expense 
borne  as  above  mentioned. 

It  may  be  proper  to  explain  here  that  it  is  the  policy  of  the  fed- 
eral government  to  expend  each  year  in  such  surveys  an  amount 
equal  to  that  appropriated  for  this  purpose  by  the  states.  It  will 
thus  be  apparent  that  if  this  work  is  to  be  continued  in  our  state  it 
will  be  needful  to  offer  a  sum  for  co-operation  comparable  to  that 
offered  for  such  work  by  other  states. 

A  word  regarding  the  character  of  the  topographic  survey  and 
the  areas  that  have  already  been  surveyed  may  not  be  out  of  place 
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here.  First,  the  topographic  survey  forms  the  basis  for  all  further 
detailed  surveys.  The  progress  of  all  systematic  work  in  the  state 
will  therefore  be  determined  by  the  attitude  that  is  assumed  in  re- 
gard to  topographic  work.  If  the  state  offers  liberal  co-operation 
in  these  surveys,  this  will  render  possible  the  more  rapid  advance- 
ment of  the  work  along  more  strictly  geological  and  economic 
lines.  Moreover,  the  interest  shown  in  the  progress  of  the  work 
by  the  state  itself  lends  encouragement  to  the  federal  government 
that  will  naturally  lead  to  continued  co-operation  in  the  surveys 
which  have  been  already  begun,  and  for  the  conduct  of  which  the 
federal  surveys  have  expended  so  Hberal  sums. 

A  topographic  map  or  sheet  covers  an  area  of  one-fourth  of  a 
degree  of  the  earth's  surface,  a  quadrangle  as  the  area  is  called,  be- 
ing bounded  by  parallels  and  meridians,  respectively  thirty  minutes 
of  arc  of  the  earth's  surface  apart.  In  this  latitude  a  topographic 
sheet  or  quadrangle  is  about  twenty-four  and  one-half  by  thirty-four 
and  one  half  miles  in  extent  and  embraces  an  area  of  a  little  less 
than  850  square  miles. 

On  the  topographic  map  or  sheet  the  elevation  of  every  part  of 
the  area  is  shown,  also  all  the  lakes  and  rivers  and  smaller  streams, 
towns,  railroads,  public  highways  and  houses.  The  maps  are  print- 
ed on  a  scale  of  one-half  inch  to  the  mile.  This  makes  each  sec- 
tion of  land  appear  on  a  scale  suitable  for  further  detailed  studies. 

Ten  topographic  sheets  have  thus  far  been  made  in  North  Dakota, 
which  are  designated  as  follows,  the  name  being  derived  from  the 
principal  town  centrally  located  on  the  quadrangle :  Fargo,  Cassel- 
ton.  Tower,  Eckelson,  Jamestown,  Pingree,  Wahpeton,  LaMoure, 
Edgeley  and  Wyndmere  (the  last  named  having  been  surveyed  in 
1904.) 

Biological  Siinfcy, — Owing  to  the  limited  state  of  the  survey 
finances  it  was  deemed  best  not  to  attempt  any  further  study  of 
the  native  grasses  and  forage  plants  until  funds  should  be  available 
sufficient  to  carry  on  the  work  adequately  and  fully  enough  to  make 
it  possible  to  reach  some  definite  conclusions. 

Chemical  Survey. — Arrangements  were  planned  to  have  a  chemi- 
cal survey  made  of  the  region  about  Devils  Lake,  and  the  lakes  in 
the  adjacent  portions  of  the  state,  but  the  funds  were  found  to  be 
insufficient  to  carry  the  work  to  adequate  completion,  and  the  effort 
was  abandoned  for  the  present  season. 
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The  puq>os€  of  this  survey  was  to  determine  from  analysis  of 
soil  samples  taken  from  the  different  soil  types  in  the  region,  and 
from  analysis  of  water  from  Devils  Lake  and  the  lakes  and  streams 
of  the  neighborhood,  what  is  the  relative  percentage  of  salts  and 
alkaHes  in  the  soils  and  waters  of  the  region  as  compared  with  the 
waters  of  Devils  Lake.  This  would  give  a  basis  for  determining  the 
cause  of  the  saltness  of  Devils  Lake,  and  also  a  kev  to  the  best  treat- 
nient  of  lands  in  which  salts  and  alkalies  are  found. 

The  Personnel  of  the  Survey. — Tlie  state  has  been  fortunate  in 
securing  the  services  of  young  men  of  so  high  a  degree  of  special 
fitness  and  training  for  the  various  lines  of  investigation  represent- 
ed. It  has  been,  and  will  continue  to  be  the  aim  of  the  Survey,  to 
interest  young  men  from  our  own  state  in  the  work  of  the  Survey. 
It  is  hoped  that  trained  men  may  ultimately  be  secured  from  our  own 
state  who  will  be  able  to  conduct  the  highest  class  of  investigation. 
Several  young  men  from  the  Agricultural  College  and  other  institu- 
tions have  been  engaged  upon  the  different  lines  represented  by  the 
survey.  It  is  hoped  that  of  this  numl)cr  at  least  some  will  find  a 
congenial  atmosphere  in  the  domain  of  geology,  and  will  become 
professional  workers  in  this  field.  Such  men  are  in  demand  both 
by  the  state  and  the  United  States,  and  it  seems  fair  to  presume 
that  there  will  continue  to  be  an  increasing  demand  for  such  train- 
ed experts  as  the  development  of  the  resources  of  the  state  con- 
tinues and  the  importance  and  value  of  accurate  scientific  investiga- 
tions becomes  more  fullv  realized. 

The  state  has  been  particularly  fortunate  in  securing  the  services 
of  Mr.  H.  \'.  Hibbard,  as  assistant  in  the  department  of  areal  geo- 
log>'  and  underground  waters.  Mr.  Hibbard  was  for  several  years 
a  student  in  the  department  of  geology  of  the  University  of  Chi- 
cago, and  now  professor  of  geography  in  the  Hyde  Park  high 
school,  Chicago.  His  preparation  for  the  accurate  work  of  the  de- 
partment he  has  represented  has  been  of  the  highest  order,  having 
had  the  benefit  of  training  under  the  direct  instruction  of  the  fore- 
most geologists  in  America.  His  experience  in  practical  field  meth- 
ods therefore  renders  his  services  of  the  greatest  value.  By  rea- 
son of  Mr.  Hibbard's  assistance  it  has  been  |X)ssible  to  extend  the 
work  in  this  department  beyond  what  would  otherwise  have  been 
possible. 
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c\\c/. — The  amount  appropriated  by  the  last  legislative  assembly 
iVr  the  maintenance  of  the  Agricultural  College  Survey  was  $2,- 
'»'.  As  the  Sur\ey  was  orgjanized  to  co-operate  with  the  federal 
si:r\-ey<.  the  amount  made  available  by  the  state  would  naturally 
Lietem^ine  the  amount  of  co-operation  into  which  the  federal  surveys 
wo;:u!  enter,  and  the  amount  also  which  the  state  desired.  How- 
ever, the  federal  authorities  have  taken  g<x>d  will  at  its  full  value, 
and  have  ex|>ended  a  much  larger  amount  than  the  state  appropriated 
in  the  hope  that  more  active  co-operation  on  the  part  of  the 
state  would  be  provided  for  when  the  next  legislative  assembly 
should  convene.  The  aggregate  ex}XMide<l  by  the  federal  surveys 
in  co-\^}x^ra::on  with  the  Agricultural  College  Survey  in  the  divis- 
ions of  soil,  areal  geology  and  underground  waters,  and  topo- 
graphy is  upwanls  of  $10.«>00  for  the  years  10o3-l.  aside  from  the 
oos:  of  iho  rv.blicatii^i  of  reports. 

It  can  hardly  Ix*  hopcvl  that  the  fcileral  authorities  will  continue 
:<^  ex'.XMid  funds  so  generously  in  our  state  unless  some  active  appre- 
ciativ^n  of  the  sr^Mierosiiv  manifested  be  shown  bv  reasonablv  ade- 
i::!a:e  provision  of  funds  by  the  state. 

.V€*«\/.v'  V**  the  Sunvy. — So  urgent  is  the  demand  for  adequate 
r.:Ti.!s  and  s^>  great  the  value  of  the  work  lo  the  state  which  has 
Kvn  lx\cmi  and  thus  far  carried  on  principally  at  the  exp)ense  of 
the  federal  iiovenimen:  that  1  desire  tva^s:  res:x'ctfi:IIv  to  call  vour 
attention  to  the  needs  of  the  several  divisiv^r.s  represented  by  the  Ag- 
ricuitv.ral  <<\'*llece  Survev.  The  :o;\^vrr-'i'''l'ic  siirvev  fonns  the  basis  for 
a!!  funher  detai'cvl  surveys.  Th.e  ov^s:  o:  :v.ak:r.g  a  topographic  map 
averasjes  alvn::  :N^r»0<\  The  iv^'icy  of  the  goverr.rv.enr  :s  to  expend 
i!i  each  sMte  an  a!!u^unt  ev-;:a;  tv^  that  rrov:.k\:  by  the  state  itself. 
In  orvler  to  have  the  :o»v\v:Taph:o  sv.rvey  progress  with  rapidity  and 
in  aocv^rvl  wish  th.e  conera;  rro^ress  of  the  work  :r.  other  lines,  one 
sIhx^:  at  -eas!  shouM  Iv  t^reiMrcx;  each.  vear.  Thus  the  state  in  or- 
der  to  nuvt  the  ger.er%\<i!y  of  the  fe.lera!  g.wcr:t:::er.t  should  pro- 
vide S1.*»«V  jvr  year  for  this  work. 

Sinnlar!\.  the  work  v^f  the  soil  survey  ::a>  ':xx:t  heretofore  done 
alnwt  on:ir<^K  b\  the  foviera*  o.e'.Mrtv.xr.t.  bi:t  :::  the  hooe  that  the 
state  w^niUl  rxM'.i.-e  the  lx*iter\:  a:\i  v,\/.:c  v>:  the  wv.  rk  ar.vi  provide 
an  annual  s».tt^^  suftviev.t  tv^  nxv:  that  orrercv.  hy  the  federal  govem- 
nicnt,  V\*r  th.is  work  the  fedora!  gvwor,::v.or.t  h.;s  expended  during 
the  i>ast  two  \ears  alx^;::  $>>.iH\\  v^r  S!.»?  tvr  >Trar. 
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The  division  of  hydrography  of  the  United  States  Geological 
Survey  has  expended  about  the  same  amount  annually. 

In  addition  to  the  lines  of  co-operative  work  above  mentioned  the 
Agricultural  College  Survey  has,  in  conformity  with  the  purpose 
expressed  in  the  law  organizing  the  survey,  undertaken  to  complete 
an  economic  and  geologic  map  of  the  state.  As  a  part  of  this  work 
the  survey  has  undertaken  the  preparation  of  a  map  showing  the 
different  characters  of  lands,  the  soils  and  waters,  also  the  native 
grasses  and  forage  plants,  in  the  western  portion  of  the  state — a 
portion  of  the  state,  as  has  been  stated  before,  that  has  never  been 
accurately  mapped — looking  toward  a  more  complete  geologic  and 
economic  map  of  the  state.     For  this  work  $1,000  per  year  is  needed. 

I  would  also  most  respectfully  urg^e  the  necessity  of  provision 
of  sufficient  funds  to  maintain  the  chemical  and  biological  divisions  of 
the  survey,  and  also  to  provide  for  permanently  preserving  speci- 
mens of  soils,  rocks,  minerals  and  other  material,  such  as  is  being 
collected  each  year,  but  for  the  preservation  of  which  no  adequate 
provision  has  been  made. 

The  investigations  which  are  contemplated  in  the  division  of 
chemistry  include  both  field  studies  and  laboratory  analyses.  Five 
hundred  dollars  per  year  for  the  biennial  period  will  be  needed 
to  carry  to  satisfactory  completion  the  field  and  laboratory  investi- 
gfations  which  it  is  hoped  to  undertake,  $300  being  the  estimated 
necessary  cost  of  the  field  work,  and  $200  that  for  laboratory  ma- 
terials, and  the  services  of  competent  assistants. 

For  the  biological  survey  and  the  preservation  of  material  col- 
lected in  the  work,  $500  per  year  ought  to  be  expended  in  order 
to  yield  the  best  results. 

In  the  interest  of  the  fullest  conservation  of  the  results  of  the 
survey,  I  would  recommend  that  suitable  cases  for  the  preserva- 
tion and  storage  of  the  valuable  material  which  is  each  year  col- 
lected by  the  different  field  parties  be  made.  One  hundred  dollars 
per  year  would  make  it  possible  to  preserve  each  year  material 
representing  a  value  for  educational  purposes  and  the  work  of  al- 
lied departments  of  the  college  almost  beyond  expression  in  figures. 

Summarizing  the  above  figures,  I  desire  to  recommend  the  appro- 
priation of  the  following  amounts,  to  be  used  in  the  discretion  of  the 
director  for  the  following  purposes : 


12  AGRICULTL'RAL  COLLEGC   SURVEY   OF  NORTH   DAKOTA 

OBJECT  FOR  WHICH  USED  ANNUALLY 

For  topographic  survey , $  1,500 

For  soil  surveys   1,000 

For  survey  coteaus  of  the  Missouri  . .  1,000 
For    (Hvision    of    chemical  investiga- 
tions     500 

l^^or  biological  survey 500 

I-'or  preservation  of  material 100 

lM)r    director's     expenses     and     inci- 
dentals    400 

Total  for  all  purposes $  5,000 


AGRICULTURAL  C 


ACCOMPANYING  PAPERS. 


THE     LIFE     AND     WORK     OF     PROFESSOR 

CHARLES  iM.  HALL. 

By  Warren  TJpiiam,  St.  Paul^  Minx. 

From  the  American  Geologist,  April,  1902. 

In  the  comparatively  new  states  west  of  ^Minnesota,  resident 
geologists  are  few.  Many  problems  of  theoretic  and  economic 
geology  wait  there  to  be  worked  out.  The  death  of  a  young 
geologist,  who  was  well  equipped  and  earnest  for  this  work,  who 
had  grown  from  boyhood  to  manhood  in  North  Dakota,  w^hom  to 
know  was  to  esteem  and  love,  is  therefore  a  great  loss,  not  only  to 
his  personal  friends,  but  to  the  wider  interests  of  education  and 
science. 

Charles  Monroe  Hall  was  born  in  Wellington,  Ohio,  October 
21,  1870.  When  he  was  about  twelve  years  old,  his  parents  and 
the  family  removed  to  North  Dakota  (then  a  part  of  Dakota  Terri- 
tory), settling  in  Stutsman  county,  near  the  present  town  of 
Eldridge.  Later  they  removed  to  Grand  Rapids,  on  the  James 
river  in  LaMoure  county,  where  they  engaged  several  years  in 
farming.  In  1891  his  parents  removed  to  the  state  of  Virginia, 
where  they  have  since  resided.  Charles,  however,  preferred  to  re- 
main in  North  Dakota,  entered  the  State  Agricultural  College  at 
Fargo,  went  through  the  usual  course  of  four  years,  and  was 
graduated  in  1895,  with  high  honors. 

Immediately  after  his  graduation,  he  was  appointed  assistant 
professor  of  chemistry  and  geology  in  that  college,  where  he  taught 
during  the  next  two  years.  To  better  qualify  himself  for  his 
duties  there,  he  then  obtained  a  leave  of  absence  for  a  vear  of 
special  studies  in  Johns  Hopkins  University. 

Frederick  Bennett  WVight,  his  room-mate  during  this  year  at 
Baltimore,  writes:  "In  the  autumn  of  1897  Mr.  Hall  entered  the 
^aduate   department   of   geology.     His   enthusiasm   in   the   work, 
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together  with  his  attractive  personal  characteristics,  soon  won  for 
him  a  genuine  popularity  within  the  circle  of  geological  professors 
and  students  among  whom  he  had  come.  Although  his  interest  in 
the  work  before  him  was  general,  he  was  more  attracted  by 
structural  and  physiographic  subjects  than  by  those  of  mineralogy 
and  paleontology.  His  life  at  Fargo,  in  the  old  bed  of  lake 
Agassiz,  naturally  gave  him  a  keen  interest  also  in  glacial  geology. 
During  his  stay  at  Johns  Hopkins,  he  worked  for  a  short  time  on 
the  Maryland  Geological  Survey,  along  the  Potomac  river.  There 
his  work  was  so  thorough  and  satisfactory  that  he  was  offered  a 
position  in  that  state  survey,  for  field  work- on  the  coastal  plain  the 
folk)wing  summer.  But  his  teaching  and  plans  for  field  work  in 
North  Dakota  w-ere  more  attractive  and  caused  him  to  return  there. 
Personally  he  was  very  modest  about  his  accomplishments,  but  yet 
had  a  suflficicnt  sense  of  their  importance  to  give  him  the  confidence 
in  himself  necessary'  for  success.  I  was  greatly  impressed  w^ith  his 
broad  views  on  all  subjects,  and  his  wide  interest  in  general  topics. 
We  often  had  heated  discussions,  though  perfectly  friendly,  w^hich 
sometimes  lasted  till  after  midnight,  on  all  conceivable  subjects, 
from  geology,  evolution,  and  theology,  to  music  and  art." 

Returning  in  the  summer  of  1898  to  the  Agricultural  College  of 
North  Dakota,  and  being  promoted  to  its  professorship  of  geology. 
Hall  was  constantly  engaged,  through  the  remaining  four  and  a  half 
years  of  his  life,  in  his  duties  as  a  college  instructor,  including  fre- 
quent excursions  with  his  classes,  and  in  more  extensive  examina- 
tions of  distant  parts  of  the  state  during  vacations. 

In  the  summer  of  1900  he  began  a  systematic  investigation  of  the 
artesian  wells  and  underground  water  resources  of  North  Dakota, 
through  cooperation  by  the  Agricultural  College  with  the  United 
States  Geological  Survey.  Previously  also  he  had  aided  Professor 
J.  E.  Todd,  during  one  or  two  summers,  on  similar  work  in  a  part 
of  the  James  river  valley  in  South  Dakota. 

Resides  the  hydrographic  work,  he  began  at  the  same  time  a 
survey  of  the  soils  of  North  Dakota,  being  associated  with  F.  H. 
Newell  and  Milton  Whitney  of  the  U.  S.  Geological  Survey,  in 
their  respective  departments  of  hydrology  and  soil  investigations. 
Manuscript  reports  and  maps,  notes  of  stream  measurements, 
records   of  artesian   wells,    collections   and   analyses   of   soils,   etc.. 
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relating  to  parts  of  these  researches  already  completed  or  well  ad- 
vanced, had  been  forwarded  to  Washington,  but  tliey  still  await 
publication. 

Professor  Hall  had  presented  some  of  the  results  of  this  work 
in  a  series  of  newspaper  articles,  concerning  the  water  supply  of 
Fargo,  the  artesian  basin  and  wells  of  the  Red  river  valley  and 
westward,  irrigation  for  the  drier  western  parts  of  the  state,  and 
the  capabilities  of  its  different  regions  for  agriculture  and  grazing, 
these  articles  being  published  in  the  Fargo  foruni  and  Daily 
Republican,  the  Wahpeton  Gazette,  the  Minneapolis  Journal,  and 
other  newspapers,  during  the  years  1900  to  1902. 

One  of  the  most  important  of  these  contributions  is  entitled  "A 
Discussion  of  the  Water  Resources  of  Fargo  and  Vicinity,  with  Spe- 
cial Consideration  of  Possible  Sources  of  Water  for  a  Better  Supply 
for  the  City,"  which  filled  four  columns  of  the  Forum,  June  24, 
190?.  It  is  accompanied  with  a  section  across  Red  river  valley,  on 
the  line  of  the  Northern  Pacific  railway,  and  a  map  which  shows  the 
limit  of  the  chief  artesian  basin,  receiving  water  from  the  Dakota 
sandstone,  and  the  smaller  areas  of  the  valley  receiving  usually 
scantier  flows  from  the  drift  deposits. 

Within  the  last  month  before  his  death,  he  completed  a  manuscript 
for  the  supplement  in  a  school  geography  to  be  published  by  the 
American  Book  Company,  this  supplement  l>eing  a  "Geography  of 
North  Dakota." 

Professor  Hall  represented  his  state  through  appointment  by 
the  governor,  in  the  Tenth  National  Irrigation  Congress,  held  at 
Colorado  Springs,  October  G  to  9  of  last  year;  and  in  the  Fargo 
Forum  of  November  22  he  published  a  considerable  report  of  its 
proceedings,  with  earnest  recommendation  that  North  Dakota  should 
take  a  larger  share,  in  connection  with  the  U.  S.  gec)logical  and 
hydrngraphical  surveys,  for  the  development  of  irrigation. 

The  latest  and  perhaps  the  most  important  work  which  Professor 
Hall  brought  to  completion  and  publication,  as  printed  in  December, 
1002,  is  an  "Official  State  Map  and  Preliminary  Geologic  and 
Economic  Map  of  North  Dakota,  issued  by  the  Agricultural  College 
Survey  *  *  *  in  cooj^eration  with  the  XL  S.  Geological  Survey : 
approved  by  Frank  White,  governor  of  North  Dakota,  and  R.  J. 
Turner,  commissioner  of  agriculture  and  labor."  The  scale  of  this 
map  is  seventeen  miles  to  an  inch.     The  western  half  of*  the  state, 
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and  the  Turtle  mountains,  are  colored  as  Laramie  clays  and  shalc^.] 
with  many  outcrops  and  mines  or  openings  of  workable  lignite^ 
Thence  eastward  the  remainder  of  the  state,  excepting  the  area  of  j 

I 

the  glacial  lake  Agassiz,  is  colored  as  glacial  drift  overlying  thej 
Montana  shales  of  Upper  Cretaceous  age.  Upon  these  colors  the 
courses  of  the  marginal  moraine  belts  are  shown  by  another  colof^ 
printing.  On  the  eastern  border  is  the  part  of  lake  Agassiz  west  <rf 
the  Red  river,  with  its  large  Sheyenne,  Elk  Valley,  and  Pembinai 
deltas.  The  extreme  limit  of  the  glacial  drift,  and  the  boundario^ 
of  the  Dakota  artesian  basin,  are  designated  approximately.  J 

October  22,  1901,  Professor  Hall  was  married  to  Miss  Jessie  E.I 
Taylor,  of  Fargo,  and  their  life  together  was  one  of  remarkabk^, 
happiness  and  mutual  helpfulness.  They  both  were  members  of  thc3l 
First  Methodist  Episcopal  church  of  Fargo,  and  of  its  choir.^ 
Professor  Hall  was  also  a  member  of  the  Masonic  fraternity,  tue.i 
Knights  Templar,  and  other  social  organizations.  ^ 

His  last  illness  was  diagnosed  by  physicians,  half  a  year  befoft." 
he  died,  as  probably  to  prove  fatal  withm  a  year,  or,  at  the  longest,,, 
a  few  years.     Yet  he  courageously  continued  his  teaching  and  hiS'J 
plans  for  the  state  agricultural  survey.     One  of  his  last  pieces  ofi 
work  was  to  frame  a  legislative  act  giving  to  that  survey,  as  aidedJ 
by  that  of  the  United   States,  a  distinct  field  not  duplicating  tht  ■ 
work  of  the  State  Geological  Survey,  which  is  in  progress  undcr^ 
the  auspices  of  the  State  University  and  School  of  Mines  of  North^ 
Dakota,  at  Grand  Forks.     His  work  of  instruction   in  the  colleger; 
was  continued  until  only  three  days  before  his  death,  which  occurred 
at  his  home  in  Fargo  the  22d  of  January,  1903.     For  him  is  the 
divine  prom  sic,  "Be  thou  faithful  unto  death,  and  I  will  give  thee 
a  crown  of  life." 
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A  SURVEY  OF  THE  COTEAUS  OF  THE  MISSOURI. 


By  Daniel  E.  Willard  and  M.  B.  Erickson. 

IVhat  the  Cotcaus  Are. — A  great  region  lying  east  of  the  Missouri 
river  was  called  by  the  early  French  explorers  "Les  Coteaux  dii 
Plateau  du  Missouri/'  or  The  Hills  of  the  Missouri  Plateau.  In 
the  popular  mind  the  hills  or  * 'cotcaus"  and  the  plateau  are  con- 
fused, the  term  "coteaus"  being  often  applied  to  the  great  hilly 
upland  which  is  the  plateau,  and  a  surface  feature  of  which  is  the 
**coteaus"  or  hills.  We  shall  therefore  attem])t  to  make  clear  the 
relation  of  the  "coteaus''  to  the  plateau. 

*'Les  Coteaux  du  Plateau  du  Missouri"  may  be  briefly  and  for 
convenience  stvled  the  coteaus  of  the  Missouri,  or  the  Missouri 
cotcaus.  Les  Coteaux  des  Prairies,  from  which  the  former  should 
be  carefully  distinguished,  is  another  and  quite  distinct  feature  of 
the  landscape  of  the  states  of  North  and  South  Dakota.  The  latter 
is  an  immense  hill  many  times  larger  than  any  one  of  the  Missouri 
coteaus.  lying  mostly  in  northeastern  South  Dakota  but  extending 
across  the  border  into  North  Dakota  near  Havana  and  Lidgerwood. 
Le  Coteau  des  Prairies  is  a  large  preglacial  hill  having  its  surface 
covered  with  a  mantle  of  drift  hills  much  like  the  coteaus  of  the 
Missouri  only  not  generally  as  large.  The  coteaus  of  the  Missouri 
are  morainic  hills. 

Le  Plateau  du  Missouri,  or  the  Missouri  Plateau,  is  a  vast  uj)land 
of  preglacial  origin.  The  eastern  edge  of  this  upland  extends 
across  North  Dakota  in  a  generally  northwest  and  southeast  direc- 
tion. The  front  rises  quite  abruptly  from  the  plain  to  the  east 
from  300  to  400  feet.  This  steep  slope  or  front  appc^ars  west  of 
Ellendale,  Edgelcy,  Jamestown,  Carrington.  Fcssenden,  Minot  and 
Portal,  distant  from  these  places  twenty  to  thirty  miles. 

This  plateau  it  has  been  stated  is  a  preglacial  landscape  feature. 
It  was  not  in  any  manner  formed  by  the  ice  of  the  glacial  ])eri()(l. 

Lying  on  the  top  of  the  plateau  is  a  great  belt  or  tract  of  hills, 
drift  hills  formed  by  the  action  of  the  great  ice  sheet  during  the 
glacial  period,  which  together  make  up  what  is  known  as  a  moraine. 

Agr.  Col.  Surr— 8 
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This  moraine  in  North  Dakota  is  a  portion  of  the  great  con- 
tinental moraine  which  was  formed  during  what  is  known  as  the 
Wisconsin  stage  of  the  great  ice  age.  This  moraine  extends 
across  the  continent  from  the  Canadian  northwest  territories  to  the 
Atlantic  ocean.  The  moraine  in  North  Dakota  is  no  more  a  part  of 
the  great  Missouri  plateau  than  is  this  same  moraine  in  Pennsyl- 
vania a  part  of  the  Allegheny  mountains.  The  moraine  is  a  de- 
posit of  earth  materials — stones,  clay,  sand,  and  soil— ploughed  up 
and  transported  by  the  great  moving  ice  sheet,  and  left  in  heaps 
and  piles  or  spread  out  as  rolling  prairie,  to  a  depth  of  thirty  to 
100  or  even  150  feet. 

The  continental  moraine  in  North  Dakota  lies  in  such  relation  to 
the  plateau  that  it  suggests  that  something  more  than  accident 
caused  the  moraine  to  lie  just  upon  the  edge  of  the  plateau  through 
a  distance  of  300  miles  in  North  Dakota.  The  front  or  edge  of 
the  plateau,  it  has  been  stated  before,  extends  across  the  state  in  a 
northwest-southeast  direction.  The  moraine  also  extends  across 
the  state  lying  almost  parallel  to  the  edge  of  the  plateau,  and  no- 
where more  than  a  few  miles  back  from  the  slope  which  marks 
the  edge  of  the  plateau.  Often  in  fact  the  coteaus  or  hills  of  the 
moraine  are  encountered  immediately  upon  entering  upon  tnc 
higher  lands  of  the  plateau  top.  The  accompanying  diagram 
(Plate  IV)  will  assist  in  making  clear  the  relations. 

The  direction  of  movement  of  the  ice  of  the  great  ice  sheet  in 
this  part  of  North*  America  was  probably  very  nearly  at  right 
angles  to  the  front  of  the  great  plateau,  so  that  the  escarpment  of 
the  plateau  served  as  a  dam  to  hold  back  the  ice  in  its  onwara  move- 
ment, and  so  the  moraine  occurs  along  the  edge  of  the  plateau 
because  the  ice  could  not  advance  beyond  this  position,  a  moraine 
always  being  formed  at  the  edge  of  the  ice  sheet. 

It  is  because  of  the  occurrence  of  the  moraine  upon  the  edge  of 
the  plateau  that  so  much  confusion  has  arisen  regarding  the  true 
nature  of  the  coteaus.  The  term  "coteaus"  has  been  applied  to  the 
hills  in  this  region.  The  altitude  of  the  plateau  above  the  prairie 
to  the  eastward  has  easily  made  this  seem  a  part  of  "the 
hills,'*  whereas  the  coteaus  are  hills  on  the  top  of  the  plateau  and 
entirely  difTcrent  in  their  origin. 

The  Purpose  of  the  Survey. — The  extent  of  territory  embraced 
bv  this  great  moraine  within  the  state  of  North  Dakota  is  probably 
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approximately  7,000  square  miles.  This  region  has  until  the  last 
two  or  three  years  been  mostly  an  undisturbed  grazing  range, 
native  grasses  adapted  during  the  ages  to  the  soil  conditions  of  such 
a  landscape  growing  in  abundance,  and  eaten  by  the  herds  of  cattle 
and  horses  which  during  the  last  thirty  to  forty  years  have  succeeded 
the  herds  of  buffalo  and  antelope  that  formerly  roamed  and  grazed 
on  these  lands.  The  agricultural  value  of  the  lands  was  an  un- 
known factor.  The  ranchman  was  the  only  settler.  Little  was 
known  of  the  character  of  the  lands,  and  little  question  was  asked 
by  homeseekers  about  these  lands  because  there  were  other  more 
desirable  lands  open  to  homestead  entry. 

Within  the  last  two  or  three  years,  however,  the  demand  for 
homestead  lands  has  led  to  the  settlement  of  some  portions  of 
these*  lands  by  farmers.  The  need  for  a  scientific  survey  of  the 
region  and  some  determination  of  the  character  of  the  lands  and 
their  adaptability  to  farming  or  stock  raising  has  therefore  been 
more  keenly  felt.  The  region  has  long  been  regarded  as  adapted 
only  to  grazing,  and  no  attempt  at  general  farming  has  been  made 
until  very  recently.  The  settlement  of  a  farmer  upon  an  occasional 
quarter  section  effectually  overthrows  the  large  ranching  enterprises 
where  cattle  in  great  herds  wander  at  will  over  a  range  unbounded 
by  fences  and  limited  only  by  the  instinct  of  animals  to  stay  about 
some  central  locality. 

From  a  scientific  standpoint  a  survey  of  the  region  was  needed. 
The  great  continental  moraine  has  been  definitely  mapped  in  all  its 
vast  extent  from  the  Missouri  river  eastward  to  the  Atlantic  ocean, 
that  portion  only  which  lies  north  of  the  main  line  of  the  Northern 
Pacific  railroad  in  North  Dakota  and  thence  on  to  the  northwestern 
corner  of  the  state  remaining  unmapped. 

An  Unique  Fart  of  North  Dakota. — The  region  known  as  "the 
coteaus"  is  unlike  any  other  part  of  North  Dakota.  There  are 
other  morainic  lands  in  the  state,  but  none  that  can  vie  with  this 
region  in  rugged  character,  in  abundance  of  the  number  of  sloughs 
and  lakes,  and  in  the  "everlasting  monotony."  It  is  not  like  the 
rugged  hill-land  west  of  the  Missouri  river,  for  there  the  hills 
nearly  all  have  flat  tops,  and  the  land  is  nearly  all  cut  up  by 
streams  and  dissected  by  deep  coulees.  Streams  are  unknown 
among  the  coteaus,  and  the  hills  are  all  rounded  in  form  and  never 
flat  on  their  tops. 
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This  reg^ion  is  one  that  marks  the  halting^-place  of  the  great  con- 
tinental ice  sheet  in  its  passag'e  across  the  northern  portion  of 
North  America,  and  here  was  deposited  the  great  mass  of  morainic 
material — rocks,  sand,  gravel,  clay  and  soil ;  huge  boulders  so  hard 
that  they  would  phase  the  hardest  stone-cutter's  chisel  and  weigh- 
ing many  tons  side  by  side  with  small  rounded  pebbles  and  sand 
grains,  masses  of  clay  and  soil  piled  in  heaps,  hollows  filled  with 
water  or  grown  up  with  reeds  and  rushes. 

It  is  truly  the  region  of  hills — coteaus.  They  are  the  coteaus  of 
the  Missouri  plateau  because  they  are  on  the  plateau.  They  are 
the  highest  and  niost  rugged  of  morainic  hills  in  the  state  because 

they  were  formed  at  the  edge  of  the  great  ice  sheet  at  a  stage  when 
the  edge  remained  stationary,  neither  advancing  nor  melting  back, 
for  a  longer  time  than  at  any  other  stage. 

The  Area  Siin^eycd. — The  portion  of  the  great  moraine  lying 
south  of  the  Northern  Pacific  railroad  within  the  state  of  North 
Dakota  has  been  mapped  by  Mr.  J.  E.  Todd,  of  the  South  Dakota 
Geological  Survey  and  the  U.  S.  Geological  Survey.  The  un- 
mapped portion  therefore  extends  from  the  Northern  Pacific  rail- 
road between  Steele  and  Bismarck  north  to  the  extreme  northwest 
corner  of  the  state. 

Minot  was  made  the  railroad  point  of  entrance  to  the  field,  and 
the  first  camp  was  established  on  section  22,  township  152  north, 
range  84  west.  From  this  point  a  careful  study  of  the  adjacent 
region  was  made,  the  plan  being  to  extend  the  work  both  northwest 
and  southeast  till  the  limits  of  the  state  should  be  reached  on  the 
one  hand  and  the  area  already  surveyed  and  mapped  by  Todd  on 
the  other.  The  eastern  side  of  range  83  was  made  the  eastern  limit 
of  tlie  area  studied  during  the  season  of  1903,  and  during  1904  the 
work  was  extended  over  tlie  territory  westward  to  range  92,  the 
territory  included  in  the  Fort  Uerthold  Indian  reservation  not  being 
included.  The  area  mapped  thus  includes  two  tiers  of  townships  in 
McLean  county  and  extends  to  and  includes  the  tier  of  townships 
crossed  by  the  Great  Northern  railroad  in  Ward  county. 

l)KSCRU»TI(^\    OF    THE    AREA. 

'Hirer  Types  of  Landscape. — The  accompanying  map  shows  fifty- 
eight  townships.  The  area  includes  three  types  of  landscape,  viz., 
(a)  a  region  which  was  passed  over  l)y  the  ice  but  which  is  not 
covered  by  migraines;  (b)  a  region  of  strong  morainic  hills,  lakes 
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and  sloughs — the  coteaus.  and  (c)  a  region  outside  the  great 
moraine,  west  of  the  coteaus,  a  region  over  which  the  waters  from 
the  melting  ice  of  the  great  glacier  passed  forming  many  broad  and 
deep  channels,  and  which  may  be  called  the  region  of  overwash. 

The  first  of  these  types  of  landscape  is  represented  on  the 
northeast  portion  of  the  map.  This  region  is  not  included  in  the 
*'hill  country"  of  the  coteaus,  and  is  not  a  part  of  the  region 
intended  to  be  studied  in  this  survey.  It  is  shown  on  the  map  for 
purposes  of  comparison.  This  is  rolling  prairie,  technically  called 
ground  moraine,  and  is  adapted  to  general  agricultural  purposes. 
The  line  delimiting  the  ground  moraine  or  rolling  prairie  from  the 
morainic  hilly  land,  the  coteaus,  crosses  in  a  northwest-southeasterly 
direction  the  following  townships:  Township  152,  range  83;  town- 
ship 153,  ranges  83-84:  township  151,  ranges  84-85;  township  155, 
ranges  85-8G,  and  township  156,  range  87. 

This  region  is  dissected  by  coulees.  It  has  no  lakes  or  sloughs 
of  much  importance.  The  coulees  are  deep,  due  to  the  fall  or 
slope  from  the  high  plateau  region  toward  the  Mouse  and  Des 
Lacs  valleys. 

The  second  or  morainic  type  of  landscape,  the  real  coteaus, 
includes  the  body  of  the  area  mapped.  Here  will  be  observed  an 
utter  absence  of  streams  or  coulees  and  many  lakes  and  sloughs. 
The  hilly  portions  of  the  map  are  indicated  by  the  dotted  shading. 

The  third  type  is  that  of  the  overwash  region,  represented  on 
that  portion  of  the  map  not  shaded  and  marked  by  deep  and 
broad  valleys.  This  type  is  represented  on  the  southwestern 
portion  of  the  area  mapped.  It  is  a  region  over  which  the  ice  did 
not  pass  during  the  stage  known  as  the  Wisconsin,  or  the  stage 
when  the  morainic  hills  known  as  the  coteaus  were  formed,  but 
over  which  passed  vast  floods  of  water,  overwash  from  the  mefting 
of  the  great  icesheet,  and  which  has  been  eroded  so  that  large 
channels  have  been  formed,  and  extensive  deposits  of  gravel  have 
been  left. 

The  Older  and  the  Nezver  Drift. — In  order  to  avoid  possible  con- 
fusion in  the  mind  of  the  reader,  who  may  question  how  the  moraine, 
called  the  coteaus,  can  represent  the  Q(\^t  of  the  ice  sheet  when 
drift  materials  are  known  to  occur  over  a  territory  extending  fift> 
miles  west  of  the  Missouri  river,  a  word  needs  to  be  said  regarding 


22       AGRICULTURAL  COLLEGE  SURVEY  OF  NORTH  DAKOTA 

the  earlier  and  the  later  stages  of  the  ice  sheet  in  this  portion  of 
North  America. 

It  may  be  assumed  that  the  reader  is  familiar  with  the 
elementary  facts  of  glacial  geology,  as  the  discussion  of  these  facts 
here  would  involve  more  space  than  can  be  devoted  to  it.*  How- 
ever a  brief  statement  of  the  facts  regarding  the  older  and  the  newer 
drift  will  be  given  here. 

The  moraine  which  is  the  principal  subject  of  this  paper,  and 
which  embraces  the  greater  portion  of  the  territory  described  in 
this  survey,  was  formed  at  the  edge  of  the  ice  during  what  is  known 
as  the  Wisconsin  stage  of  the  great  ice  sheet.  This  moraine  thus 
marks  the  limit  of  advance  of  the  ice  sheet  during  this  epoch  or 
stage  of  the  glacial  period. 

It  will  thus  be  seen  that  the  drift  which  lies  west  of  the 
Missouri  river  does  not  belong  to  this  stage  or  time;  it  is  much 
older.  An  earlier  invasion  of  ice  from  the  north,  the  stage 
known  as  the  Albertan,  passed  over  this  portion  of  North  America 
long  before  the  later  invasion  which  formed  the  coteaus.  A  mantle 
of  drift  therefore  covers  the  territory  lying  outside  or  west  of  the 
moraine  formed  during  the  Wisconsin  stage  and  known  as  the 
coteaus. '  This  drift  in  some  places  has  been  nearly  all  washed  away 
so  that  but  little  or  none  at  all  remains  covering  the  original  land 
surface.  It  is  often  deeply  eroded  by  the  streams  of  ice  water 
which  flowed  away  from  the  great  glacier  of  the  Wisconsin  stage. 
The  valleys  of  Douglas  creek,  Shell  creek  and  Little  Knife  river 
are  examples  of  such  channels  that  have  been  eroded  into  the 
older  drift  in  their  upper  courses,  and  farther  toward  the  Missouri 
river  have  cut  entirely  through  the  mantle  of  older  drift  into  the 
underlying  rock,  as  is  shown  by  the  outcropping  ledges  of  sandstone, 
shale  and  lignite  coal  along  the  banks  of  these  streams. 

Further  Description  of  the  Area  —  The  Eastern  Slope, — ^The  deep 
valleys  of  the  Des  Lacs  and  Mouse  rivers  cross  the  northeastern 
portion  of  the  area  included  in'  the  map.  These  valleys  are  broad 
and  deep  beyond  all  comparison  with  valleys  made  by  rivers  of  such 
sizes  as  those  now  occupying     these     valleys.     They     are     glacial 


*To  the  reader  who  may  be  interested  such  a  simple  statement  of  the  general  scoloey  of 
the  state  as  is  needful  to  an  undcrstandinR  of  the  present  report,  it  may  be  sugrsested  that  a 
little  book.  "The  Story  of  the  Prairies,"  is  a  simple  and  popular  description  of  the  ffeoloffy  of 
North  Dakota,  and  to  this  work  the  reader  is  respectfully  referred.  The  book  is  published 
and  for  sale  by  the  author,  Daniel  E.  Willard,  Fargo,  X.  D. 
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valleys,  channels  cut  by  the  flood  waters  from  the  melting  ice  sheet. 
They  have  been  eroded  300  feet  into  the  plain  which  lies  east  of 
the  great  Missouri  plateau.  That  their  bottoms  are  below  the  low- 
est portions  of  the  mantle  of  drift  is  shown  by  the  occurence  of 
sandstone  ledges  and  lignite  coal  beds  in  their  banks. 

The  plain  which  is  crossed  by  these  valleys  is  the  characteristic 
rolling  prairie  of  a  large  part  of  North  Dakota.  It  is  the  rolling 
prairie  for  which  the  state  is  noted,  and  which  makes  North  Dakota 
a  "prairie  state."  This  particular  parcel  of  rolling  prairie  is  a 
segment  of  the  sloping  front  or  edge  of  the  great  Missouri  plateau. 
While  the  plain  along  the  banks  of  the  deep  valleys  of  the  Mouse 
and  Des  Lacs  rivers  is  300  feet  above  the  bottom  lands  along  the 
immediate  stream  beds,  still  the  plateau  top  thirty  miles  west  is 
more  than  300  feet  higher  than  this  plain. 

It  is  this  slope  from  the  edge  of  the  plateau  toward  the  deep 
valleys  that  gives  the  dissected  character  to  the  landscape.  A  rise 
of  nearly  700  feet  in  a  distance  of  forty  miles  in  the  railroad  grade 
of  the  Great  Northern  railway  from  Minot  westward  has  made 
possible  the  erosion  of  the  deep  and  narrow  V-shaped  coulees  which 
characterize  the  region. 

Description  of  the  Moraine. — The  hilly  region  of  the  moraine  in 
the  area  under  consideration  is  from  fifteen  to  twenty-five  miles  in 
width.  This  tract  is  made  up  of  hills,  ridges,  rolling  or  even  genth 
undulating  prairie  lakes,  sloughs  and  hay  meadows.  A  moraine  is 
thus  seen  to  be  a  somewhat  complex  thing. 

The  general  aspect  of  the  landscape  after  entering  the  morainic 
region  is  distinctly  hilly.  Many  of  the  hills  are  high  and  their  sides 
very  steep  and  rugged.  Often  they  are  so  closely  set  together  that 
there  is  no  space  between  the  bases  of  the  hills,  but  the  bottom  of 
one  merges  into  its  nearest  neighbors.  Occasionally  a  hill  is  so 
decked  with  stones  large  and  small  that  the  face  of  the  hill  appears 
like  a  vast  stone  heap. 

Travel  through  the  hills  to  one  unaccustomed  to  the  region  is 
almost  impossible,  not  only  because  of  the  roughness  of  the  land- 
scape and  the  frequent  large  rocks,  but  the  hills  all  have  such  a 
resemblance  that  the  inexperienced  traveler  easily  mistakes  the  hill 
he  thinks  he  is  traveling  toward,  another  insidiously  substituting 
itself  for  the  one  he  started  to  reach,  while  the  traveler  uncon- 
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sciously  changes  his  course  to  go  around  a  hill  or  avoid  a  slough. 
Where  definite  trails  do  not  serve  as  a  guide  to  the  traveler  he  is 
almost  helpless,  and  a  journey  is  well  nigh  impossible. 

The  hills  are  sometimes  so  stony  and  steep  that  progress  on 
horseback  by  one  who  is  not  accustomed  to  "the  range"  is  almost 
impossible,  a  horse  being  liable  to  fall  owing  to  the  great  number 
of  rounded  stones  and  the  exceeding  steepness  of  the  slopes.  Fol- 
lowing a  well  worn  trail  one  can  often  see  his  way  but  a  few  rods 
or  even  a  few  feet  ahead,  so  crooked  is  the  way  as  it  winds  and 

swings  this  way  and  that,  among  the  hills.  Leave  the  beaten  past 
but  a  few  steps  and  the  unaccustomed  traveler  is  as  one  adrift  on 
the  rolling  sea. 

One  may  be  lost  and  pass  within  a  "few  rods  of  a  rachman's  shack 
and  not  see  it,  for  the  shack  mav  be  and  often  is  located  in  a  hollow 
between  the  hills  so  that  it  cannot  be  seen  often  even  from  a  short 
distance.  The  writer  speaks  from  experience  in  seeking  to  find  a 
ranch  house  while  traveling  a  vStranger  and  alone  in  this  solitary 
region.  A  miss  of  a  single  dim  fork  in  the  trail  caused  him  to  pas«^ 
by  the  last  house  in  many  miles,  and  as  a  result  he  lay  down 
fatigued  to  the  point  of  exhaustion  upon  the  hard  bosom  of  Mother 
Earth,  and  slept  with  the  picket  rope  by  which  his  saddle  pony  was 
held  tied  around  his  bodv  till  the  cold  of  the  small  hours  of  the 
morning  compelled  him  to  travel  on  eagerly  looking  for  the  dawn 
which  should  enable  him  to  find  food — and  what  was  more  intensely 
needed,  water. 

A  common  custom  is  to  place  upon  the  highest  points  of  the  high- 
est hills  piles  of  rocks  with  often  a  pole  supported  in  the  midst  of 
the  rocks  as  a  guide  to  the  traveler.  Such  a  landmark  is  always 
known  to  the  inhabitants  of  the  country,  and  if  lost  in  fog  or  storm 
and  one  of  these  marks  is  seen  it  will  indicate  quite  as  accurately  as 
section  corners  in  the  agricultural  portions  of  the  state  where  a 
^anch  house  is  located. 

One  may  pass  a  herd  of  hundreds  of  cattle  within  a  few  rods  or 
even  go  through  the  herd  where  the  animals  are  grazing  in  the 
hollows  or  on  the  slopes  and  perhaps  l^e  unaware  of  the  herd^s 
presence. 

Tracts  Less  Hilly.— The  whole  of  the  morainic  region  is  not  of 
the  extremely  hilly  type.  Tnter-morainic  tracts  embracing  from  a 
few  acres  to  a  hundred  acres  or  sometimes  more  occur,  and  these 
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are  sometimes  fertile  and  adapted  to  cultivation.  These  inter- 
morainic  tracts  are  not,  however,  generally  extensive  enough  or 
frequent  enough  to  lend  much  importance  to  the  region  for  general 
agricultural  purposes.  The  hills  are  too  stony  and  the  soil  too  com- 
pact, dry  and  hard  to  render  farming  generally  profitable  or  prac- 
ticable. 

All  the  region  represented  on  the  map  by  the  shaded  portion  falls 
in  the  class  of  morainic  lands  and  is  not  regarded  as  adv^antageous 
farming  land.  This  does  not  mean  that  there  arc  not  some  quarter 
sections  that  are  desirable,  and  there  are  a  few  sections  that  might 
be  until ized  as  farming  lands.  In  time,  as  land  becomes  more 
valuable  in  agricultural  districts,  these  lands  which  are  now  one 
great  public  domain  will  fall  into  private  ownership,  and  the  less 
hilly  portions  will  probably  be  cultivated  and  the  more  hilly  parts 
used  for  pasturage. 

The  region  is  a  natural  pasture  land.  The  native  grasses  are 
very  nutritious,  and  cattle  and  horses  thrive  during  the  whole  year 
upon  the  forage,  which  cures  as  it  stands,  with  only  a  little  feeding 
in  the  winter.  At  present,  and  it  seems  likely  for  many  years  tt> 
come,  thab  portion  of  this  district  which  is  included  m  tnc  morainic 
tract  will  be  more  valuable  for  grazing  and  stockraising  than  for 
general  farming.  The  settling  of  a  few  farmers  in  the  hill  country 
works  serious  injury  to  the  stockraising  industry,  and  really  detracts 
from  the  development  of  the  wealth  of  the  state  rather  than  adding 
to  it,  since  the  plowing  and  raising  of  cereal  crops  on  a  few  small 
patches  prevents  the  free  range  of  stock  over  the  hill  country 
surrounding,  and  thus  causes  a  vastly  greater  area  to  lie  desert. 

A  further  feature  that  adds  to  the  value  of  these  lands  for  exclu- 
sively grazing  purposes  is  the  great  number  of  *'dry"  lakes  or 
sloughs,  which  are  often  real  lakes  during  the  season  of  heavy 
rains  or  melting  snows,  the  hay  meadows.  These  small  lakes  and 
sloughs  are  a  characteristic  feature  of  the  morainic  territory.  There 
are  sometimes  so  many  of  these  that  travel  during  the  season  when 
they  contain  water  or  when  they  are  too  wet  to  be  crossed  is  almost 
impossible.  There  are  sometimes  as  many  as  fifty  to  100  of  these 
small  hay  meadows,  lakes  or  sloughs,  on  a  single  section,  though 
perhaps  twenty-five  to  forty  on  a  section  would  be  about  an  average. 

These  furnish  forage  during  seasons  when  the  hillsides  do  not 
produce  enough  grass  for  the  herds,  and  hay  in  almost  unlimited 
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quantities  is  cut  in  them  and  stacked  for  winter  feeding.  If  this 
great  coteau  region  could  be  used  exclusively  for  grazing  without 
interference  from  attempted  farming  on  the  few  small  areas  on 
which  farming  is  at  all  practicable,  and  could  be  used  to  its  full 
capacity,  a  vast  source  of  wealth  to  the  state  would  result.  This  is 
not  saying  that  the  present  wholesale  range  and  wasteful  methods 
in  vogue  on  the  ranches  would  accomplish  this  end,  but  if  the  low 
and  more  level  tracts  such  as  are  capable  of  profitable  plowing  could 
be  used  by  stockraising  farmers  for  the  growth  of  alfalfa,  corn  and 
other  coarse  forage  crops  for  winter  feeding,  and  all  the  hay  which 
grows  in  the  sloughs  could  be  untilized,  so  that  enough  herds  could 
be  wintered  to  eat  all  the  grass  which  grows  on  the  inaccessible 
hillsides  and  rough  lands,  a  livestdck  interest  vastly  greater  than 
that  which  the  region  has  heretofore  sustained  would  be  possible. 

The  E,vtra-Morainic  Territory. — ^There  remains  to  be  described 
the  territory  lying  west  of  the  morainic  tract  between  this  tract  and 
the  Missouri  river.  This  has  been  referred  to  as  the  overwash 
region  adjoining  the  moraine. 

It  has  been  pointed  out  before  that  the  region  is  mantled  with  the 
older  Albertan  drift,  and  that  it  has  been  furrowed  and  eroded 
into  deep  channels  by  the  pasage  of  the  waters  of  the  melting  ice 
sheet  southward  and  westward  into  the  Missouri  river. 

It  will  be  seen  by  reference  to  the  map  (Plate  III)  that  the  eastern 
edge  of  the  moraine  is  quite  definite  and  simple,  whereas  the  western 
side  is  very  irregular,  the  moraine  being  indented  by  deep  sinuses 
and  inverted  loops.  This  is  the  usual  thing  that  the  outside  of  a 
moraine  is  ragged  and  uneven  while  the  inside  or  that  toward  the 
ice  sheet  is  comparatively  even.  This  will  be  readily  imderstood 
when  it  is  borne  in  mind  that  the  great  moving  ice  mass  pressed 
upon  the  east  and  north  side  of  the  moraine  while  at  the  same  time 
the  materials  of  which  the  hills  of  the  moraine  are  composed  were 
being  deposited  by  the  ice  and  the  edge  of  the  melting  ice  sheet  was 
jagged  and  uneven,  due  to  unequal  melting.  Long  lobes  pushed 
out  from  the  front  of  the  ice  also,  and  thus  the  outer  edge  of  the 
great  deposit  from  the  ice,  which  is  known  as  a  moraine,  is  very 
irregular  and  uneven. 

One  of  the  most  conspicuous  of  these  embayments  in  the  moraine 
with  its  corresponding  lobe  of  hills  has  been  called  the  Douglas 
valley,  from  the  name  of  the  small  creek  that  now  occupies  the  old 
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channel  below  Douglas  postoffice.  This  "valley'**  includes  portions 
of  townships  149-152,  ranges  84-85. 

The  upper  portion  of  this  valley  is  beautifully  set  with  lakes,  in 
fact  the  Rice  lake  and  Bartron's  lake  are  among  the  most  beautiful 
and  clear  in  the  state,  having  fine  gravelly  shores  and  bottoms. 
The  surface  is  far  from  level  in  the  portion  of  this  valley  above 
Douglas ;  on  the  other  hand  it  is  quite  distinctly  rolling  or  even  hilly, 
and  the  soil  is  compact  and  stony,  much  like  that  of  the  moraine 
over  much  of  it.  The  valley  is  not  a  valley  at  all  as  that  term  is 
ordinarily  used.  It  is  rather  an  overwash  plain  irom  the  great 
ice  sheet.  The  tract  of  gravelly  and  sandy  soil  in  the  northern 
portion  of  the  valley  is  probably  thus  explained. 

South  from  Bartron's  lake  and  Douglas  postoffice  the  valley-like 
character  becomes  more  conspicuous.  The  surface  is  more  nearly 
level,  and  the  soil  is  sandy  and  gravelly,  assorted  and  washed  by 
the  glacial  flood  waters. 

Extensive  plains  of  gravelly  and  sandy  soil  lie  along  the  border 
of  the  moraine,  typical  examples  of  overwash  from  the  ice  sheet. 
Frequently  such  plains  can  be  distinguished  from  a  distance  by 
observing  the  characteristic  growth  of  weeds  and  grasses  which 
thrive  upon  such  soil. 


A  BRIEF  HISTORY  OF  GLACIAL  LAKE  AGASSIZ. 
A  Posthumous  Paper  by  Charles  M.  Hall. 

TOPOGRAPHY. 

The  area  considered  in  this  paper  lies  within  the  region  known 
as  the  Red  River  valley,  which,  during  the  closing  stages  of  the  gla- 
cial period  was  filed  with  water  and  known  as  Glacial  Lake  Agas- 
siz.  This  region  has  been  described  by  Mr.  Warren  Upham  in  U. 
S.  Geological  Survey  Monograph  XXV. 

The  topography  is  exceedingly  simple.  Two-thirds  of  this  area 
lies  as  one  vast  level  plain.  Standing  near  the  middle  of  the  val- 
ley, if  we  may  call  it  a  valley,  one  looks  across  this  vast  expanse  as 
far  as  the  eye  can  reach,  with  his  vision  interrupted  only  by  the 
groves  planted  by  the  early  settlers,  and  marking  the  location  of 
these  older  farm  buildings,  and  the  trees  which  border  the  winding 
courses  of  the  streams.     One  is  reminded  of  the  level  of  the  mighty 
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ocean,  indeed  in  ftiany  places  one's  vision  is  bounded  apparently  in 
all  directions  by  the  tops  of  buildings  and  trees  in  the  far  distance 
like  the  masts  of  a  ship  disappearing  at  sea,  no  physiographic  feature 
being  great  enough  to  be  detected  by  the  eye  from  the  level.  This 
feature  is  explained  in  the  U.  S.  G.  S.  Topographic  Atlas  entitled 
"Physiographic  Types,"  where  the  Fargo  quadrangle  is  used  to  rep- 
resent a  region  in  youth.  The  general  altitude  of  the  level  plain  is 
about  900  feet  above  sea  level.  On  either  side  of  the  Red  River  of 
the  North  which  flows  from  south  to  north  across  the  area  the  land 
rises  with  a  gentle  slope  of  from  1  to  4  feet  per  mile.  Approaching 
the  western  bottom  of  the  old  lake  bottom  the  surface  is  marked  bv 
a  more  sudden  rise  and  broken  by  a  series  of  ridges  running  north 
and  south  which  mark  the  beaches  of  the  old  lake  at  its  different 
stages.  In  the  northern  part  of  the  area  there  is  a  rise  of  200  feet 
in  a  distance  of  about  5  miles  to  the  upper  or  highest  level  of  the  old 
lake.  Beyond  this  the  rolling  prairie  merges  into  the  low  morainic 
hills  just  west  of  this  distrct,  the  highest  part  of  the  area  now  being 
considered  being  crossed  in  the  northwest  corner  by  the  1,200  foot 
contour. 

In  the  southern  half  of  the  area,  or  south  from  the  point  where 
the  Maple  River  debouches  upon  the  old  lake  bottom,  the  margin  of 
the  lake  bottom  is  marked  bv  a  more  sudden  rise  of  about  60  or  70 
feet  within  two  or  three  miles  onto  a  sand  plain  almost  as  nearly 
level  as  the  lake  bottom  itself.  This  plain  extends  from  a  little 
north  of  the  Maple  River  beyond  the  limits  of  the  area  to  the  south. 
It  is  broken  by  the  Alaple  and  Sheyenne  valleys.  The  Sheyenne 
River  has  eroded  a  gorge  from  100  to  140  feet  deep  across  the  plain. 
On  either  side  of  this  valley  the  plain  is  broken  by  a  series  of  hills 
or  dunes  ranging  from  mere  undulations  in  the  surface  to  huge 
mounds  130  feet  high. 

(".EOLOGJC    HISTORY. 

Just  i^revious  to  the  closing  stages  of  the  last  great  period  of  the 
earth's  history  preceding  the  present,  when  the  northern  part  of 
North  America  was  covered  with  the  great  ice  sheet,  not  unlike 
Greenland  today,  Minnesota  and  North  Dakota,  as  far  west  as  the 
Missour'  River,  were  deeply  buried  beneath  the  great  mountain  of 
moving  ice.  In  the  region  under  discussion,  a  portion  of  the  great 
Minnesota  ice  lobe  had  already  found  an  old  drainage  basin  far  be- 
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neath  where  the  valley  of  the  Red  River  of  the  North  now  lies,  and 
had  for  centuries  been  leveling  its  rugged  surface  by  the  powerful  ac- 
tion of  its  slow  movements  and  adding  the  debris  to  that  already 
gathered  farther  north  and  east  and  depositing  it  at  its  border,  form- 
ing the  great  hills  of  the  terminal  moraines  of  the  Coteau  des  Prai- 
ries and  the  Coteau  du  Missouri. 

The  close  of  this  important  period  was  marked  by  a  change  m 
the  elevation  of  the  land,  a  change  of  climate  and  a  gradual  melting 
of  the  ice  back  to  points  farther  north ;  this  is  known  as  the  retreat 
of  the  ice  sheet.  This  was  not  a  sudden  or  even  a  continuous  melt- 
ing or  recession,  but  was  marked  by  a  succession  of  pauses.  At 
each  pause  sufficient  time  elai)scd  to  accumulate  enough  debris  along 
the  margins  so  that  when  another  retreat  began  a  row  of  hills  called 
a  terminal  moraine  marked  the  line  of  the  last  pause.  None  of  these 
pauses  allowed  the  accumulation  of  nearly  the  amount  of  material 
that  was  deposited  at  the  earliest  margin. 

Seven  moraines  were  accumulated  and  left  bv  the  retreat  of  the 
ice  sheet  before  the  epoch  is  reached  which  determined  the  surface 
geology  of  the  Red  river  valley  and  the  region  under  discussion. 
The  seventh  moraine,  known  as  the  Dovre,  marked  the  edge  of  the 
ice  sheet  when  its  border  lay  along  the  line  of  hills  which  lies  near 
White  Rock,  South  Dakota,  thence  extending  north  and  west  near 
Lidgerwood,  Lisbon  and  Milnor,  and  following  in  general  the 
course  of  the  Shevenne  River  to  Devils  Lake. 

As  the  ice  melted  back  from  the  position  just  described,  the  water 
from  the  melting  ice  began  to  fill  the  basin  of  the  pre-glacial  Red 
River  valley.  The  continued  melting  of  the  ice  caused  the  basin  to 
overflow  and  an  outlet,  naturally,  was  formed  at  the  lowest  point  of 
the  rim.  This  outlet  channel  thus  formed  was  that  in  which  Lakes 
Traverse  and  Big  Stone  now  lie,  and  which  was  the  former  chan- 
nel of  the  Shevenne  River  before  the  last  recession  of  the  ice  sheet. 
The  great  lake  which  thus  began,  increased  in  size  as  the  ice  front 
melted  back,  until  it  covered  an  area  nearly  as  great  as  that  of  all 
of  our  Great  Lakes  combined.  This  lake  is  called  Glacial  Lake 
Agassiz,  for  a  detailed  description  of  which  see  Y .  S.  Geological 
Survey  Monograi)h  XX\^,  by  Warren  I^pham. 

The  action  of  the  wind  and  waves  along  the  border  of  the  ancient 
lake  formed  beach  lines  like  those  formed  by  great  lakes  today,  ac- 
cumulating sand  and  gravel  in  places  into  great  ridges.     The  cut- 
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ting  down  of  the  outlet  and  the  tilting  of  the  land  during  this  period 
gave  rise  to  the  formation  of  several  well-marked  beach  lines  run- 
ning nearly  parallel.  These  in  the  upper  part  of  the  lake  were  five 
in  number,  called  the  Herman,  Norcross,  Tintah,  Campbell  and  Mc- 
Cauleyville,  from  towns  having  these  names  in  western  Minnesota 
located  on  these  respective  benches.  Following  the  formation  of 
these  beaches  the  lake  found  an  outlet  to  the  north  as  a  result  of  the 
recession  of  the  ice  sheet,  and  many  other  beaches  were  formed,  un- 
til, on  the  final  disappearance  of  the  ice  the  Red  River  valley  was 
left  approximately  as  it  is  today.  The  water  was  very  deep  in  the 
middle  of  the  lake  during  its  highest  stage,  being  250  feet  where  the 
city  of  Fargo  now  stands.  Great  ice  bergs  could  thus  float  down 
from  the  north  and  would  strand  where  they  were  driven  by  the  pre- 
vailing winds  after  dropping  their  burden  of  boulders,  many  of 
which  have  been  found  along  the  east  side  of  the  valley.  The 
streams  flowing  into  the  lake,  made  vastly  larger  than  any  streams 
in  the  region  today  by  the  floods  of  water  from  the  melting  ice, 
brought  a  great  deal  of  sediment  into  the  lake.  Where  these  streams 
entered  the  lake,  great  deltas  were  often  formed  like  that  of  the 
Sheyenne.  Here  the  sandy  constituents  of  the  sediment  were  drop- 
ped near  the  mouth  of  the  stream,  the  finer  materials  being  carried 
out  to  the  middle  of  the  lake.  In  this  way  the  level  bottom  was  built 
up  to  a  thickness  of  GO  to  70  feet  of  deposit. 

Thus  the  history  of  the  lake  has  been  the  history  of  the  region 
under  consideration. 


THE  RIVERS  AND  DRAINAGE  OF  SOUTHEASTERN 

NORTH  DAKOTA. 

A  Posthumous  Paper  by  Charles  M.  Hall 

The  entire  area  is  drained  by  the  Red  River  of  the  North  and  its 
tributaries,  the  Ru^^lo  mt  t^e  ^^^t  pnH  the  Wild  Rice  and  Shey- 
enne in  the  west.  The  Red  River  of  the  North  represents  approxi- 
mately the  axis  of  the  Red  River  valley.  It  enters  the  area  from 
the  south  at  an  altitude  of  900  feet  above  tide,  taking  a  tortuous 
course  a  little  west  of  north.     It  leaves  the  area  at  the  north  at 
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860  fe^t,  representing  a  fall  of  forty  feet  in  less  than  40  miles.     The 
river  in  its  winding  course  represents  no  less  than  eighty  miles, 
which  gives  to  the  river  a  fall  of  not  over  six  inches  to  the  mile. 
The  channel  is  from  200  to  300  feet  broad  and  from  twenty  to  sixty 
feet  deep,  and  from  its  meandering  nature,  usually  has  one  very 
steep  bank  and  one  more  gently  sloping  one.     The  immediate  river 
banks  are  usually  slightly  elevated  by  river  silt  often  forming  a 
gentle  slope  for  a  short  distance  away  from  the  river  bank.     The 
channel  of  the  main  stream  is  sufficient  in  ordinary  seasons  to  carry 
off  the  drainage  of  the  land,  the  usual  capacity  of  the  stream  at 
Fargo  being  not  far  from  25,000  cubic  feet  per  second.     However, 
following  seasons  of  heavy  snow  fall,  when  the  melting  of  the  snow 
is  hastened  by  rainfall,  the  present  channel  is  entirely  inadequate  to 
the  task  and  the  river  has  been  known  to  overflow  its  banks  and 
cover  the  surrounding  country,  reaching  in  places  a  width  of  fifteen 
miles.     These  floods  have  been  known  to  occur  within  recent  time 
in  1897,  1893,  1882  and  1881.     These  floods  occur  at  the  melting 
of  the  spring  snows  in  April,  when  the  river  reaches  its  high  water 
marks.     At  times  heavy  June  or  July  rains  will  cause  a  rise  in  the 
river,  but  usually  the  mid-summer  floods  cause  no  serious  damage. 
The  spacing  of  the  tributaries  of  the  Red  River  of  the  North  seems 
to  have  been  determined  by  the  streams  of  water  entering  the  val- 
ley as  the  water  of  the  lake  receded.     All  of  the  perennial  streams 
tributary  to  the  Red  River  of  the  North  have  their  sources  outside 
the  area  of  the  ancient  Lake  Agassiz,  and  usually  show  every  evi- 
dence of  once  having  been  much  larger  streams  than  at  present. 
These  tributaries  are  in  truth  almost  devoid  of  sub-tributaries,  usu- 
ally receiving  the  drainage  within  the  old  lake  bottom  from  the  land 
only  for  a  short  distance  on  either  side  of  the  stream.  This  gives  rise 
^0  broad  areas  between  these  rivers  which  have  little  or  no  definite 
drainage.     Thus  the  three  perennial   streams,  the  Sheyenne,  Wild 
^ce  and  Buffalo,  have  been  lowered  full-fledged  streams  into  their 
P^es^nt  places  by  the  recession  of  the  lake.       The  spaces  between 
these  rivers,  as  has  been  suggested  before,  have  little  or  no  definite 
^ui"f  ace  drainage.     That  which  has  developed  is  in  the  form  af  cou- 
^^es    which  extend  back  from  one  to  five  or  six  miles  from  the  main 
str^^m.    These  carry  water  only   following  heavy  rains   or   from 
"^^Itring  snows,  remaining  dry  the  rest  of  the  year.     These  are  from 


32  AGRICULTURAL  COLLEGE  SURVEY   OF  NORTH   DAKOTA 

twenty  to  forty  feet  deep  near  the  river,  but  rarely  extend  back 
from  the  river  more  than  a  mile  or  two.  At  first  it  seems  strange 
that  so  young  a  drainage  system  should  still  exist,  but  this  is  ac- 
counted for  by  the  extreme  youth  of  the  region. 

The  lacustrige  deposits,  when  once  started,  erode  rapidly.  In 
1895  a  wagon  road  was  graded  east  of  the  river  between  sections 
30  and  31,  Oakix)rt  township,  (T.  140,  R.  48),  for  a  distance  of 
about  six  miles.  The  farmers  at  once  began  to  drain  their  fields 
into  the  ditch  made  at  the  roadside.  Erosion  immediate! v  became 
active  for  the  full  distance  of  six  miles  from  the  river,  deepening 
and  broadening  the  roadside  ditch.  In  a  period  of  four  years  the 
water  had  eroded  a  channel  eighty  feet  wide  and  twenty-five  feet 
deep  for  nearly  a  mile  from  the  river  destroying  the  road  and  neces- 
sitating the  building  of  substantial  bridges. 

The  Wild  Rice  and  Shevenne  Rivers  have  their  sources  outside 
the  Red  River  valley,  and  from  the  places  where  they  enter  the  level 
plain  of  the  valley  bottom,  their  channels  and  meandering  courses 
arc  not  unlike  that  of  the  main  stream. 

The  Wild  Rice  river  has  its  source  among  the  morainic  hills  near 
the  southern  boundary  of  the  state  of  North  Dakota.  It  enters  the 
valley  in  eastern  Sargent  county,  crossing  the  Sheyenne^ Delta  for  a 
distance  of  twentv-four  miles  in  a  direct  line.  It  receives  little  or 
no  lateral  surface  drainage  in  this  region.  It  flows  north  parallel 
with  the  main  stream  more  than  forty  miles  before  entering  it.  In 
the  spring  the  river  is  full,  but  after  the  June  and  July  rains  it 
often  becomes  completely  dry.  The  fall  rains  start  the  flow  again, 
but  the  stream  freezes  to  the  bottom  in  many  places  in  the  winter. 

The  Shevenne  is  the  most  interesting  stream  of  the  region.  Hav- 
in<:,^  its  source  southwest  of  Devils  Lake  it  flows  180  miles  before  en- 
tering the  valley  of  the  Red  River  of  the  North.  It  occupies  a  val- 
ley ranq^ing  from  one-fourth  of  a  mile  to  one  mile  in  width  and  from 
T.")  to  1^)0  feet  deep.  During  the  principal  period  of  the  existence 
of  Glacial  Lake  Agassiz  the  chief  source  of  water  besides  that  com- 
m^  directly  from  the  ice  front  came  through  the  Sheyenne  River. 

This  glacial  river  entered  the  lake  about  ten  miles  southeast  of 
Lisbon,  in  Ransom  county.  The  amount  of  sediment  brought  into 
the  lake  was  very  great  and  the  deposit  thus  formed  is  known  as  the 
Sheyenne  Delta.       l'i)ham  estimates  the  area  of  this  delta  at  800 
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square  miles,  with  an  average  depth  of  forty  feet  and  volume  of  six 
cubic  miles.     (U.  S.  G.  S.  Monograph  XXV.) 

The  position  of  the  Sheyenne  Delta  is  shown  on  the  accompany- 
ing maps.  The  finer  clay  sediment  was  carried  far  out  into  the 
lake,  leaving  the  coarser  sandy  material  to  form  the  delta.  As  the 
lake  receded  the  vast  delta  of  fine  sand  was  left  bare,  and  the  river 
began  to  excavate  a  channel  across  its  own  delta.  The  water  which 
entered  the  lake  during  its  highest  stages  and  which  brought  most 
of  the  sediment  which  formed  the  sediment,  was  greatly  diminished 
by  the  diverting  of  the  waters  from  the  melting  ice  from  the  sources 
of  the  Sheyenne  into  other  channels  before  the  lowering  of  the  lake 
had  reached  the  fifth  stage,  or  that  of  the  formation  of  the  McCauley- 
villc  beach,  which  shore  line  marks  approximately  the  outer  border 
of  the  delta,  and  before  the  river  had  cut  a  channel  across  its  delta. 
Had  this  not  been  so  the  delta  must  have  extended  further  into  the 
valley  locally  where  the  valley  of  the  Sheyenne  debouches  upon  the 
Red  River  valley  in  northeast  Barrie  township. 

After  entering  the  valley  of  the  Red  River  of  the  North  the  river 
takes  a  serpentine  course  northeast  nearly  forty  miles  before  finally 
entering  the  Red  River  of  the  North.  Although  the  Sheyenne 
River  has  a  drainage  area  of  over  4,000  square  miles  above  its  junc- 
tion with  the  Maple  yet  the  stream  does  not  suffer  from  floods  nor 
seriously  endanger  the  lands  along  its  lower  course,  for  the  chan- 
nel below  where  it  enters  the  Red  River  valley  lowlands  is  capable 
of  caring  for  the  water  as  fast  as  it  descends  from  the  tortuous  chan- 
nel of  the  upper  stream. 

During  the  higher  stages  of  the  lake,  while  it  yet  had  an  out- 
let toward  the  south,  the  waters  of  the  Sheyenne,  as  these  entered 
the  lake,  drifted  southward  distributing  sediment  along  the  margin 
of  the  lake  and  finding  an  outlet  into  the  Minnesota  River.  How- 
ever, to  divert  the  present  Sheyenne  River  and  to  make  it  discharge 
its  water  into  Big  Stone  Lake  and  the  Minnesota  River,  as  it  once 
did,  and  as  has  been  advocated  as  a  measure  to  prevent  floods  in  the 
Red  River  valley,  is  entirely  impracticable  as  the  old  channel  is  150 
feet  above  the  present  stream. 

As  the  Sheyenne  entered  the  Red  River  valley  during  and  imme- 
diately following  the  McCaule>^ille  stage  of  the  lake  it  doubtless 
took  a  course  almost  directly  east.  Evidences  of  this  old  course  are 
still  marked  first  by  the  sharp  bend  of  the  stream  to  ,the  east  as  it 
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enters  the  valley  in  the  southeast  comer  of  section  11,  Barrie  Town- 
ship, and  second,  following  the  course  of  the  river  after  it  turns  to 
the  north  the  old  channel  is  again  marked  on  sections  8,  9,  10  and 
14,  Walcott  Township.  The  volume  of  water  could  not  have  been 
great,  else  the  first  channel  had  kept  open.  The  extreme  level  char- 
acter of  the  land  made  it  easv  for  the  waters  to  be  diverted  north- 
ward,  whence  it  flows  more  than  thirty  miles  almost  parallel  with 
th-  Red  River  of  the  North. 

Along  the  Sheyenne  valley  occur  a  number  of  springs  which  usu- 
ally keep  it  flowing  during  the  summer  months,  however,  it  has  been 
known  to  become  completely  dry.  It  is  noticeable  that  the  stream 
has  almost  no  tributaries,  and  where  the  vallev  crosses  the  sandv 
plain  of  its  delta  it  is  rare  that  any  surface  drainage  for  more  than 
a  mile  from  the  stream  ever  gets  into  the  river.  It  is  believed  that 
were  it  not  for  the  great  channel,  eroded  by  the  glacial  waters,  the 
greater  part  of  the  4,000  square  miles  of  its  drainage  area  would  be 
like  the  Devils  Lake  region  and  a  large  area  between  the  Sheyenne 
and  James  Rivers,  an  area  of  undeveloped  drainage. 

The  Maple  River  has  its  origin  and  course  developed  in  much 
the  same  manner  as  the  Sheyenne.  The  drainage  area  is  much 
less,  its  valley  not  so  deep.  Like  the  Sheyenne  and  other  tributaries 
of  the  Red  River  of  the  North  it  turns  northward  after  entering  the 
vallev.  It  unites  with  the  Shevenne  ten  miles  above  where  their 
combined  waters  enter  the  Red  River  of  the  North.  During  dry 
years  the  bed  is  usually  almost  or  entirely  without  water. 

In  connection  with  the  Maple  River  is  a  peculiar  topographic  fea- 
ture. Beginning  at  the  east  side  of  section  19,  Maple  River  Town- 
ship, Cass  county,  is  a  serpentine  ridge  from  fifteen  to  twenty-five 
feet  high,  following  in  general  the  course  of  the  Maple  River.  It 
is  plainly  traced  for  a  distance  of  twenty  miles.  It  can  hardly  be  in 
any  way  connected  with  a  beach  line  of  the  retreating  lake,  for  the 
ridge  originates  with  its  crest  945  feet  above  tide  and  seems  to  be 
independent  of  the  general  topography,  the  lower  part  of  the  crest 
being  not  over  910  feet  above  tide.  Across  Maple  River  township 
the  ridge  contains  much  sand,  and  several  sand  and  gravel  pits  have 
been  opened.  There  is  in  each  case  less  than  five  feet  of  sand  and 
gravel.  As  the  ridge  is  traced  farther  north  across  Durbin,  Har- 
monv  and  Raymond  townships,  it  oflFers  attractive  sites  for  farm 
buildings,  but  in  nearly  every  case  in  drilling  or  boring  for  watjr, 
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quicksand  is  struck  from  twelve  to  eighteen  feet  below  surface, 
-which  IS  rarely  penetrated  far.  The  ridge  follows  closely  the  gen- 
eral course  of  the  Maple  River.  It  contains  coarse  materials  near 
its  origin  and  quicksand  along  the  balance  of  its  course.  It  is  inde- 
p>endent  of  the  natural  topography.  Its  origin  is  near  where  the 
Maple  River  makes  its  debouchure  into  the  levd  valley  bottom.  All 
this  leads  to  the  belief  that  it  was  formed  by  the  Maple  River  en- 
tering comparatively  shallow  water,  dropping  its  coarser  materials 
first  and  the  fine  quicksand  in  the  more  gently  moving  current  far- 
ther out  from  shore.  It  acts  in  every  respect  like  what  would  be 
called  an  esker  or  osar  in  glaciology,  but  what  could  confine  a 
stream  of  water  in  a  shallow  lake  in  one  course  long  enough  to  de- 
posit such  a  prominent  ridge  is  not  clear. 


SOIL  SURVEY  OF  THE  GRANK  FORKS  AREA,  NORTH 

DAKOTA. 

By  Charles  A.  Jensen  and  N.  P.  Neill. 

(Reprint  from  Field  Operations,  Bureau  of  Soils.  1902.) 
LOCATION  AND  BOUNDARIES  OF  THE  AREA. 

The  area  sur/eyed  is  situated  in  Grand  Forks  county,  one  of  the 
eastern  tier  of  counties  of  North  Dakota,  lying  a  little  north  of  the 
east  and  west  medial  line.  The  eastern  limit  of  the  area  is  the  Red 
River  of  the  North,  which  also  forms  the  state  boundary  line. 
Grand  Forks,  in  the  northeastern  part  of  the  area,  is  situated  in 
about  north  latitude  forty-seven  degrees,  fifty-five  minutes  and  west 
longitude  ninety-seven  degrees,  five  minutes.  The  area  extends  a 
distance  of  thirty-four  miles  west  from  that  town.  For  the  first  fif- 
teen miles  the  area  is  six  miles  wide,  and  for  the  remaining  eigh- 
teen miles  it  has  a  width  of  twelve  miles.  The  area  includes  town- 
ship 151  north,  ranges  50  to  55  west,  inclusive,  and  township  150 
north,  ranges  53  to  55  west,  inclusive,  and  covers  an  area  of  314 
square  miles  or  200,960  acres.  Probably  most  or  all  of  the  types  of 
soil  in  the  county  occur  in  the  area  mapped. 

HISTORY  OF  SETTLEMENT  AND  AGRICULTURAL  DEVELOPMENT. 

The  Dakotas  were  originally  a  part  of  Michigan,  Wisconsin,  Iowa 
and  Minnesota,  and  during  the  years  between  1834  and  1858  the 
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boundaries  were  often  changed.  Civil  government  of  the  Dakotas 
did  not  begin  until  1861,  and  North  and  South  Dakota  were  not 
constituted  separate  states  until  1889. 

British  and  American  fur  companies  were  the  first  to  occupy  Da- 
kota territory,  and  land  was  not  taken  up  for  agricultural  purposes 
until  1851,  when  a  few  white  settlers  obtained  a  few  hundred  acres 
from  the  Sioux  Indians.  Agricultural  pursuits  were,  however,  often 
interrupted,  even  at  this  late  date,  by  the  Indians,  who  a  number  of 
times  drove  the  settlers  out  of  the  country. 

Grand  Forks  county  was  created  June  4,  1873,  from  part  of  Pem- 
bina county.  Its  boundaries  were  thanged  in  1875,  in  1881,  and 
again  in  1883.  The  first  settlement  in  the.  county  was  Grand  Forks, 
the  county  seat,  which  was  established  late  in  the  seventies.  What 
was  but  an  aggregation  of  a  few  houses  in  1879  is  now  a  thriving 
town  of  8,000  or  9,000  inhabitants.  Agricultural  development  at 
that  time  was  limited  to  a  few  isolated  ranches,  as  there  were  no 
railroad  accommodations  so  far  north  until  1880-81,  when  the  Great 
Northern  railway  was  built  through  Grand  Forks  westward.  Agri- 
cultural development  was  very  rapid  along  the  main  line  of  this 
road  and  branches  were  soon  built  which  gave  greatly  increased 
shipping  facilities  and  resulted  in  a  great  impetus  to  farming  in 
various  parts  of  the  county  and  state. 

The  increase  in  improved  farm  lands  has,  however,  been  great- 
est during  the  last  decade,  within  which  time  the  number  of  farms 
and  the  value  of  improvements  have  almost  doubled.  Much  of  the 
western  part  of  the  county  is  not  yet  improved  or  developed,  being 
somewhat  hilly  and  less  desirable  generally  than  the  eastern  part. 

CLIMATE. 

The  climate  of  the  Red  River  valley  may  be  classed  as  subhumid. 
The  annual  rainfall,  which  is  approximately  twenty  inches,  is  usually 
so  distributed  as  to  furnish  enough  moisture  for  crop  purposes  dur- 
ing the  growing  season.  Occasionally,  however,  a  season  of  drought 
occurs  when  crops  are  practically  a  failure.  The  year  1902  was 
very  favorable  as  regards  moisture,  but  the  spring  season  was  late 
and  in  a  few  instances  cereals  could  not  be  planted  in  time  to  ma- 
ture. The  summer  months  are  warm  without  being  uncomfortable, 
and  the  fall  months  cool — conditions  required  for  the  proper  ma- 
turing of  the  hard  variety  of  wheat  grown. 
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Hailstorms  sometimes  do  considerable  damage,  and  a  few  of 
these  occurred  in  various  parts  of  the  state  in  1902.  A  small  sec- 
tion of  the  county  sustained  damage  in  July  by  a  hailstorm,  the 
force  of  the  wind  being  sufficient  to  upset  a  few  houses  and  tele- 
gpraph  poles. 

The  wind  movement  is  comparatively  high,  especially  during  the 
fall  of  the  year.  It  is  sometimes  strong  enough  during  the  summer 
months  to  badly  damage  heavy  grain,  especially  if  the  wind  is  ac- 
companied by  rain,  as  sometimes  happens. 

The  following  table  shows  the  nomial  monthly  and  annual  tem- 
perature and  precipitation,  taken  from  the  weather  bureau  records : 

NORMAL    MONTHLY  AND  ANNUAL  TKMPKRATURI-:   ANJ)  PRFXIPITATIUX 


Month 


Larimorc 


Temper- 
ature— 
decrees 
F. 


Precipi- 
tation- 
Inches 


University 


Temper- 
ature— 
decrees 
F. 


Precipi- 
tation- 
inches 


January.. .. 
February.., 

March 

April 

May 

June 

July 

AufTUSt 

September. 

October 

November. 
December. 

Year. 


4  0 

0.91 

4.0 

5.0 

.31 

6.0 

17.0 

.55 

19.0 

4L0 

1.47 

41.0 

53.0 

2.54 

54.0 

60.0 

3.68 

63.0 

66.0 

3  35 

67.0 

64.0 

1.97 

56.0 

.61 

56  0 

42  A) 

.79 

42.0 

22.0 

.36 

22.0 

18.0 

.75 

10.0 

38.0 

17.25 

0.55 

.51 

.62 

2.88 

3.14 

4.32 

1.96 

1.94 

112 

.76 

.76 

.62 


i9.« 


PHYSIOGRAPHY   AND  GEOLOGY. 

The  topography  of  the  area  is  very  simple.  The  level  alluvial 
area  extends  from  Grand  Forks  west  to  within  about  two  miles  of 
Emerado.  The  slope  of  this  area  is  less  than  one  foot  to  the  mile. 
From  there  westward  to  the  glacial  drift  there  arc  eight  or  ten 
beaches  or  ridges  with  a  northwest  and  southeast  trend,  varying  in 
height  from  a  few  feet  to  perhaps  forty  or  fifty  feet,  though  the  lat- 
ter height  is  seldom  attained  in  the  area  surveyed.  These  ridges 
are  from  one-half  mile  to  two  or  three  miles  apart  and  have  very 
gentle  slopes.  Often  shallow  swales  extend  from  one  beach  to  an- 
other.    Sometimes  the  l)eaches  form  plateaus. 

From  the  Herman  beach  westward  as  far  as  the  area  surveved 
extends  there  is  a  rise  of  perhaps  100  to  200  feet.  This  is  the  gla- 
cial drift  area  and  consists  almost  entirelv  of  small  hills  and  hollows 
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or  swales  scattered  about  indiscriminately.  The  individual  hills  are 
not  extensive  in  area  and  vary  from  ten  feet  to  sixty  or  seventy  feet 
in  height,  with  slopes  generally  not  too  steep  for  cultivation. 

There  are  many  glacial  bowlders  scattered  about  these  hills  and 
in  the  whole  of  the  western  part  of  the  area  surveyed.  These  occur 
in  small  masses  or  singly,  and  some  of  them  are  of  enormous  size. 
They  are,  however,  not  numerous  enough  to  interfere  seriously  with 
cultivation. 

There  are  a  number  of  stream  courses,  a  few  deep  but  most  of 
them  shallow,  traversing  the  area  in  a  generally  easterly  direction. 
With  few  exceptions  these  are  dry  during  the  greater  part  of  the 
year. 

The  area  surveyed  includes  a  part  of  the  bed  of  glacial  Lake 
Agassiz,  and  extends  from  Red  River  (approximately  the  middle  of 
the  valley),  to  and  slightly  beyond  the  upper  or  western  beach  of  the 
lake  into  the  glacial  drift.  The  area  thus  traverses  the  lacustrine 
deposits  in  the  middle  of  the  valley,  the  bench  lands  and  beaches 
westward,  and  the  upper  beach  of  the  lake.  The  extreme  western 
limit  of  tlie  area  extends  several  miles  into  the  glacial  drift,  which 
corresponds  to  Fargo  gravelly  loam.  The  altitude  of  Grand  Forks 
is  830  feet  above  sea  level. 

The  upper  beach,  several  miles  west  of  Larimore,  known  as  the 
Herman  beach,  marks  the  w-estern  limit  of  the  lake,  while  from 
there  to  several  miles  east  of  Emerado  is  a  scries  of  smaller  beaches, 
representing  various  temporary  stages  of  the  lake  during  its  reces- 
sion. There  are  smaller  unimportant  beaches  between  Ojata  and 
Grand  Forks.  These  beaches  consist  of  sandy  loam,  sand  and 
gravel,  and  reworked  till,  the  surface  soil  being  invariably  sandy 
loam,  generally  gravelly.  Some  portions  of  these  beaches,  espe- 
cially those  near  the  western  limit  of  the  lake,  closely  resemble  esk- 
ers.  These  beaches  were  undoubtedly  formed  bv  the  action  of  the 
surf  of  the  lake  while  its  waters  remained  at  one  level  for  longer  or 
shorter  i^eriods,  in  the  same  manner  that  beaches  are  formed  at  pres- 
ent along  the  shores  of  existing  bays  and  lakes.  The  formation  of 
the  beaches  was  also  assisted  by  the  debris  continually  being  un- 
loaded by  the  floating  ice.  The  coarser  material  would  thus  be 
washed  up  along  these  beaches  and  the  finer  particles,  with  occa- 
sional pebbles,  would  settle  in  the  swales  between  them. 
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Small  kettle  holes  are  quite  numerous  in  the  western  part  of  the 
area  and  more  rarely  in  the  eastern. 

The  alluvial  clay  proper,  or  as  classified  during  the  survey,  Miami 
black  clay  loam,  does  not  appear  along  the  main  line  of  the  Great 
Northern  railway  until  a  point  about  two  miles  west  of  Ojata  is 
reached,  while  w^est  of  this  the  surface  soil  is  sandy  loam  with  a  clay 
or  clay  loam  subsoil.  The  alluvial  silty  loam,  grading  into  clay  or 
clay  loam  at  a  few  feet  below  the  surface,  varies  consideraby  in 
depth  and  at  Grand  Forks  is  probably  from  fifty  to  seventy-five 
feet  deep.  This  stratified  alluvial  deposit  is  underlain  by  glacial  till 
or  drift,  which  gradually  approaches  the  surface  westward,  forming 
the  subsoil  of  Fargo  gravelly  loam  and  finally  outcropping  a  few 
miles  w^est  of  Larimore  as  a  beach.  At  Fargo  the  drift  has  a  thick- 
ness of  150  feet.  Under  this  drift  is  found  cretaceous  shale,  proba- 
bly the  Niobrara  and  Fort  Benton.  It  has  a  thickness  at  Grand 
Forks  of  over  300  feet.  This  is  in  turn  underlain,  at  a  depth  of  385 
feet  at  Grand  Forks,  by  granite  and  gneiss  which  extends  to  an  un- 
known depth. 

Over  a  large  part  of  the  area,  especially  in  the  west,  large  bowlders 
of  granite,  gneiss,  and  more  rarely  limestone  are  found  in  local 
masses,  having  been  dropped  by  the  floating  ice.  A  large  number 
of  local  beds  of  crystalline  gypsum  were  found  at  a  depth  of  from 
one  to  six  feet  below  the  surface.  Apparently  similar  beds  were 
also  found  in  the  glacial  drift. 

As  gypsum  beds  are  found  almost  invariably  in  the  slight  local 
rises  or  ridges  in  the  alluvial  soils,  and  as  the  texture  of  the  soil  in 
those  places  is  lighter  than  the  surrounding  soils,  it  would  appear 
that  these  beds  are  due  to  gypsum  and  accompanying  salts  being 
dropped  there  by  the  floating  ice.  Against  this  theory  may  be  urged 
the  fact  that  bowlders  are  not  found  in  or  around  these  local  rises. 
Bowlders  of  fair  size  are,  however,  found  at  a  considerable  dis- 
tance  east  of  Ojata,  and  as  gypsum  has  a  lighter  specific  gravity 
than  granite  or  limestone,  there  would  at  least  be  a  chance  of  its  be- 
ing carried  farther  by  the  smaller  floating  ice  masses.  ^Moreover, 
the  lake  must  have  been  comparatively  shallow  at  the  time  these 
gypsum  beds  were  laid  down,  for  over  some  of  them  there  is  less 
than  a  foot  of  soil.  With  the  lake  at  a  low  stage  it  would  be  impos- 
sible for  large  ice  masses  carrying  great  bowlders  to  drift  so  far 
eastward. 
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SOILS. 

Five  tN-pes  of  soil  were  recognized  in  the  area  surveyed:  Fargo 
gravelly  loam,  Miami  sandy  loam,  Fargo  loam,  Miami  loam  and 
Miami  black  clay  loam.  Besides  these  types  a  number  of  small  areas 
of  muck  were  mapped. 

The  texture  of  the  surface  soils  in  the  eastern  part  of  the  areas  is 
as  a  rule  heavier  than  in  the  western,  the  difference  being  due  to  the 
difference  in  origin.  Tfiose  in  the  eastern  part  of  the  area  are  of 
direct  alluvial  origin  and  are  loams  or  clay  loams,  while  those  in 
the  western  part  have  been  more  or  less  modified  by  the  action  of 
the  shore  water  of  the  ancient  lake  and  by  drift  and  are  consequently 
lighter  in  texture. 

AREAS  OF  DIFFERENT  SOILS 


Soil 

Acres 

Percent 

Soil 

Acres 

Per  cent 

Miami  sandv  loam 

68,800 
51J86 
44,3.')2 

17,72H 

34. S 
25.4 
22.1 

8.8 

1 

Farco  loam 

12,3S2 
6,592 

6.1 

Fargo  Rravclly  loam 

Miami  black  clay  loam. .. 
Miami  loam 

Muck 

Total 

3.3 

200,960 

FARGO  GRAVELLY  LOAM. 

The  Fargo  gravelly  loam,  occupying,  as  typically  developed,  the 
extreme  western  limit  of  the  area,  consists  of  from  one  to  two  and 
a  half  feet  of  loose  black  sandy  loam  with  small  gravel  disseminated 
til  rough  it  varying  in  size  from  very  small  particles  to  pebbles  about 
one-half  inch  in  diameter.  The  surface  is  also  generally  gravelly, 
though  over  large  areas  this  feature  is  absent.  The  surface  soil  is 
underlain  to  a  depth  of  about  three  feet  by  a  black  or  g^ay  gritty 
loam,  which  is  in  turn  underlain  by  gritty,  stiff  white  or  yellow,  or 
mottled  gray  and  yellow  loam,  containing  small  gravel  and  fre- 
quently small  concretions  of  iron  oxide.  This  material  often  grades 
into  clay  loam  or  clay  at  a  depth  of  five  or  six  feet.  Local  beds  of 
crystalline  gypsum  arc  often  found  at  a  depth  of  two  or  three  feet. 
Over  the  surface  are  scattered  local  masses  of  glacial  bowlders  of 
granite,  gneiss,  schists  and  limestone,  but  these  are  not  numerous 
enough  to  seriously  interfere  with  cultivation. 

The  topography  is  undulating,  consisting  of  small  irregular  hills 
or  knolls  of  small  surface  area  varying  in  height  from  about  ten 
feet  to  forty  or  fifty  feet.  Between  these  are  shallow  depressions  in 
the  shape  of  swales  or  kettle  holes.    The  slopes  of  these  hills  are 
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not  Steep  and  with  very  few  exceptions  are  easily  cultivated.  The 
soil  on  their  summits  is  lighter  in  texture  than  that  of  the  interven- 
ing hollows  and  contains  considerable  gravel,  while  the  surface  soil 
in  the  depressions  is  often  very  mucky,  though  not  sufficiently  pro- 
nounced to  be  classed  as  muck. 

This  t>'pe  is  well  drained,  with  the  drainage  eastward,  and  many 
shallow  and  a  few  deep  creek  depressions  traverse  it,  the  majority 
of  which,  however,  are  dry  during  the  greater  part  of  the  year. 

A  few  local  alkali  spots  were  found  in  this  soil,  but  none  of  great 
enough  extent  to  show  on  a  map  of  the  scale  used.  The  clay  and 
clay  loam  subsoil  generally  carry  some  and  often  considerable  alkali, 
but  this  does  not  lie  near  enough  to  the  surface  to  interfere  with 
plant  growth.  The  subsoil  often  carries  a  very  large  amount  of 
lime  and  when  mixed  for  tests  in  alkali  determinations  it  gives  ofi 
a  strong  mortarlike  odor.  The  lime  is  probably  due  to  limestone 
which  has  been  crushed  and  ground  by  the  ice,  as  small  gravel  of 
this  rock  of  all  sizes  is  scattered  through  the  soil. 

The  Fargo  gravelly  loam  is  largely  composed  of  glacial  till  or 
drift,  though  in  the  eastern  limit  of  the  type  the  material  has  been 
reworked  bv  the  wave  action  of  the  ancient  lake.  The  soil  there 
gives  evidence  of  having  been  considerably  washed,  and  hence  there 
is  much  more  gravel  and  the  interstitial  soil  is  lighter  than  in  the 
area  farther  west. 

This  soil  is  generally  adapted  to  wheat,  oats  and  barley,  and  dur- 
ing seasons  of  favorable  rainfall  good  yields  of  these  crops  and  of 
flax  can  be  produced.  The  soil  on  the  higher  elevations  does  not, 
however,  retain  moisture  well  and  is  apt  to  be  affected  by  drought. 

Much  of  this  type  is  still  unbroken  and  unimproved  and  such 
areas  bear  a  splendid  growth  of  prairie  grass  and  would  Ix?  excellent 
for  grazing  range  stock. 

A  valley  phase  of  the  Fargo  gravelly  loam  consists  of  from  one 
to  six  inches  of  black,  sometimes  mnckv,  sandv  loam,  often  con- 
taining  small  gravel,  underlain  to  a  (le])th  of  two  feet  by  a  gritty 
black  or  gray  loam  containing  small  pebbk's  up  to  one-half  inch 
or  so  in  diameter.  This  is  in  turn  unrlcrlain  to  a  depth  of  six  feet 
by  a  gritty,  stiff,  mottled  gray  and  yellow  clay  loam  or  clay,  inter- 
spersed with  small  gravel  and  usually  with  small  concretions  of  iron 
oxide.  Sometimes  the  sixth  foot,  especially  in  the  eastern  part  of 
the  area,  becomes  a  silty  loam  of  the  same  material  as  the  subsoil 
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of  the  Miami  black  clay  loam.  Beds  of  crystalline  gypsum  are  often 
found  in  this  phase  at  any  depth  below  the  first  foot.  The  surface, 
especially  in  the  former  estuaries  of  the  old  glacial  lake,  is  often 
strewn  with  glacial  bowlders  of  granite,  gneiss,  limestone  and 
schist. 

This  phase  is  found  in  the  western  and  middle  parts  of  the  area 
surveyed.  It  occupies  swales  between  the  beaches  and  the  estua- 
ries of  the  ancient  lake.  The  latter  position  is  principally  found 
south  and  southeast  of  Ojata,  where  the  soil  sometimes  is  intersected 
by  small  beaches  and  ridges. 

The  areas  of  this  phase  of  the  soil  are  usually  level,  though,  as  be- 
fore stated,  they  are  often  found  in  low  places.  Although  standing 
water  is  on  an  average  only  from  four  to  six  feet  below  the  surface, 
they  were  not  swampy  at  the  time  the  survey  was  made.  A  few  of 
the  natural  swamps,  especially  southeast  of  Ojata,  are  of  this  soil 
type. 

The  condition  of  this  soil  could  be  considerably  improved  by  arti- 
ficial underdrainage,  using  the  sloughs  which  frequently  dissect  the 
areas  for  the  main  drains  or  outlets. 

There  is  but  little  alkali  in  the  first  three  feet  of  soil  in  the  area 
west  of  Larimore,  but  there  is  usuallv  considerable  in  the  subsoil. 
On  the  other  hand  the  area  in  and  around  Ojata  is  badly  impreg- 
nated with  alkali,  both  in  the  surface  soil  and  in  the  subsoil.  This 
subject  will  be  considered  in  the  chapter  on  ''Alkali  in  Soils." 

The  area  west  of  Larimore  is  well  adapted  to  wheat,  oats,  bar- 
ley, flax  and  corn,  but  the  area  in  and  around  Ojata  is  better  adapt- 
ed to  hay  ajid  pasturage  under  present  conditions,  as  there  is  gen- 
erally too  much  alkali  in  the  surface  soil  for  profitable  cultivation 
of  the  cereals,  which  make  but  an  indiflferent  growth.  A  good  crop 
of  wild  prairie  grasses,  including  salt  grass,  was  growing  on  this 
soil  at  the  time  the  survey  was  made.  Indeed,  over  the  greater  part 
of  the  area  about  OJata  it  would  be  nearly  impossible  to  say 
whether  or  not  the  soil  was  alkaline  without  making  the  chemical 
test.  Grass  knee-high  was  seen  on  soil  containing  over  one  per  cent 
of  alkali  in  the  first  three  feet,  with  a  uniform  distribution. 

The  table  on  the  following  page  shows  the  mechanical  composi- 
tion of  the  Fargo  gravelly  loam. 
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MIAMI  SANDY  LOAM. 

The  Miami  sandy  loam  consists  of  from  one  to  two  feet  of  loose 
black  sandy  loam  underlain  to  a  depth  of  three  feet  by  a  gray  sandy 
loam.  This  is  in  turn  underlain  by  mottled  gray  and  yellow  sandy 
loam  to  a  depth  of  six  feet.  Sometimes  the  sixth  foot  is  yellow 
sand  containing  small  concretions  of  iron  oxide.  Rarely  the  second 
foot  grades  into  loam,  but  in  this  case  the  sandy  loam  is  foimd  be- 
neath it.  In  the  southeast  quarter  of  township  150  N.,  range  53 
W.,  the  soil  has  a  fine  silty  sandy  loam  subsoil  that  extends  from  a 
depth  of  three  feet  to  one  of  six  feet. 

This  soil  type  is  found  on  the  higher-lying  areas  in  the  western 
and  middle  parts  of  the  area,  excepting  the  glacial-drift  area,  the 
typical  soil  being  found  in  and  around  I-arimorc.  Tlie  beaches, 
which  generally  consist  of  the  same  materia!  as  the  surface,  contain 
considerable  gravel  at  a  depth  of  two  or  three  feet,  and  this  coarser 
material  often  outcrops  on  top  of  the  beaches.  Some  parts  of  these 
beaches,  especially  near  the  western  limit  of  the  area,  closely  resem- 
ble eskers.  The  large  glacial  bowlders  commonly  found  on  the 
other  types  are  usually  absent  from  this  one.  The  soil  owes  its 
origin  mostly  to  wave  action  during  the  existence  of  the  glacial 
lake. 


44 


AGHICULTURAL  COLLEGE  SURVEY  OF  NORTH  DAKOTA 


The  Miami  sandy  loam  is  well  drained  and  free  from  alkali  and 
is  generally  well  adapted  to  wheat,  oats,  flax  and  barley.  Owing, 
however,  to  the  light  and  loose  texture  of  the  surface,  soil,  of  some 
of  the  areas  a  plentiful  supply  of  rain  is  necessary  to  insure  good 
crops.  The  beaches  are  generally  too  light  and  loose  in  texture 
and  often  too  gravelly  to  be  of  any  value  for  agriculture. 

This  is  the  only  type  in  which  gj'psum  beds  were  not  found  at 
some  depth  6r  other. 

Below  are  given  the  mechanical  analyses  of  this  soil : 
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FARCO   LOAM. 

The  Fargo  loam  consists  of  about  six  inches  of  black  sandy  loam 
of  the  same  character  as  the  surface  soil  of  the  Miami  sandy  loam, 
underlain  with  black  loam  or  liglit  clay  loam  to  a  depth  of  one  and 
half  feet.  Eeneath  this,  to  a  depth  of  two  feet  nine  inches,  is  a  fine 
gray,  Bometimcs  silty,  loam  containing  no  appreciable  amount  of 
grit  and  very  ir.uch  like  the  corresponding  section  of  the  Miami 
black  clay  lo^m.  This  stratum  is  in  turn  underlain  to  a  depth  of  six 
feet  with  a  fine  santfv,  usually  silty,  loam,  which  is  generally  mot- 
tled, contains  small  coiu-retions  of  iron  oxide,  and  is  of  a  gray  and 
yellow  color  below  the  fourth  foot. 

Small  beds  of  g^-psum  often  occur  in  the  second  foot,  but  owing 
no  doubt  to  the  light  subsoil  .-there  is  usually  no  excess  of  alkali  in 
the  first  three  feet. 
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The  drainage  of  this  soil  is  usually  good,  and  the  type  is  almost 
an  ideal  one  for  an  alkali  district,  as  the  light  subsoil  allows  the 
alkali  to  be  carried  away  by  the  underground  water,  while  the  sur- 
face soil  is  heavy  enough  to  retain  moisture  well. 

This  soil  occupies  the  slight  depressions  and  shallow  swales  found 
in  the  Miami  sandy  loam  area,  and  owes  its  origin  partly  to  trans- 
portation of  the  finer  particles  from  the  higher  lying  sandy  loam 
areas,,  although  chiefly  to  lacustrine  deposit  during  the  early  period 
of  the  recession  of  the  glacial  lake. 

The  soil  is  well  adapted  to  wheat,  oats,  flax,  bartey  and  com.  As 
its  ability  to  retain  moisture  is  greater  than  that  of  the  lighter  soils 
it  withstands  drought  better  and  crops  are  somewhat  surer  on  this 
account. 

The  following  table  shows  the  mechanical  analyses  of  tj-pical  sam- 
ples of  this  soil : 

MtXHANICAL  ANALYSES  OK  FARdO  I.OAM 
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MIAMI  LOAM. 

The  Miami  loam  consists  of  from  one  to  two  feet  of  black  to 
brown  sandy  loam  of  the  same  texture  as  the  material  composing 
the  surafce  soil  of  the  Miami  ."landy  loam.  This  material,  without 
change  in  texture,  grades  into  a  yellow-colored  soil  bcncatli  which 
occurs  about  one  foot  of  gray  or  white  gritty  loam,  often  containing 
small  gravel.  This  is  in  turn  underlain  to  a  depth  of  six  feet  with 
a  mottled  gray  and  yellow  stiff,  gritty  loam  or  clay  loam,  containing 
a  large  proportion  of  small  gravel.  UsuaJy  small  concretions  of  iron 
oxide  are  present  in  the  soil  below  the  fourth  foot.  This  subsoil  is 
much  like  the  corresponding  section  of  Fargo  gravelly  loam  and, 
like  it,  carries  local  beds  of  gypsum. 
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There  are  rarely  large  enough  areas  containing  excessive  amounts 
of  alkali  in  the  first  three  feet  of  the  soil  of  this  type  to  be  indi- 
cated on  a  map  of  the  scale  used ;  that  is,  there  is  generally  less  than 
the  minimum  limit  of  0.20  per  cent.  The  subsoil,  however,  usually 
contains  some  alkali  and  often  the  amount  is  considerable. 

This  soil  is  found  on  the  slopes  of  the  eastern  beaches  of  the  old 
lake  and  in  intervening  areas,  being  typically  developed  at  Emerado. 
The  sandy  loam  surface  is  due  to  transportation  and  deposition  of 
material  carried  over  the  beaches  by  the  water  during  the  recession 
of  the  lake.  Some  of  the  areas  of  the  type  owe  their  origin  to  trans- 
portation of  sandy  loam  and  sand  from  the  top  of  the  beaches  into 
the  swales  between  them,  the  sandy  loam  being  really  a  covering 
over  the  Fargo  gravelly  loam. 

The  typical  areas  of  this  type  are  well  adapted  to  wheat,  oats, 
barley,  millet  and  flax,  though  the  lower-lying  areas  of  the  type, 
where  the  alkaline  subsoil  is  near  the  surface,  do  not  produce  very 
good  crops. 

The  following  table  gives  niechanical  analyses  of  this  soil : 

MEClI.\NIt.\L  ANALYSES  OF  MIAMI  LO.MI 
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MIAMI   BLACK   CLAY  LOAU. 

The  Miami  black  clay  loam  consists  of  from  one  inch  to  four  or 
five  Inches  of  muck  or  mucky  loam  underlain  with  black  loam,  often 
of  a  silty  texture,  to  a  depth  of  from  one  to  two  feet.  Beneath  this 
is  about  a  foot  of  fine  gray,  usually  silty,  loam  that  nearly  always 
grades  into  yellow  silt  loam  at  about  three  feet  below  the  surface. 
This  is  in  turn  underlain  to  a  depth  of  six  feet  with  a  mottled  gray 
and  yellow  silty  loam,  sometimes  becoming  a  silty  clay  loam  in  the 
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fifth  or  sixth  foot.  Almost  invariably  small  concretions  of  iron  ox- 
ide occur  in  the  soil  below  the  third  foot.  It  is  this  iron  that  gives  • 
the  soil  its  usual  yellow  color  when  a  depth  beyond  the  influence  of 
dissolved  organic  matter  is  reached.  The  type  is  very  fine  in  tex- 
ture and  usually  docs  not  contain  a  noticeable  amount  of  sand.  Lo- 
cal beds  of  crystalline  gypsum  often  occur  and  are  found  at  any 
depth  in  the  profile. 

For  a  distance  of  several  miles  west  of  Red  River  there  is  in  the 
surface  three  feet  of  the  Miami  black  clay  loam  veryJittlc  alkali,  but 
farther  west,  as  far  as  the  t^pe  has  been  mapped  and  especially 
around  Ojata.  where  the  natural  drainage  is  poor,  the  amount  of 
alkali  is  considerable.  Black  alkali  was  almost  invariably  found  in 
both  the  surface  soil  and  subsoil,  the  quantity  varying  from  a  trace 
to  0.05  per  cent  in  the  surface  foot  and  usually  a  little  less  in  the 
subsoil.  The  black  alkali  is,  of  course,  not  found  in  areas  with  free 
g^ypsum  beds.  There  was  also  very  often  less  than  0.20  per  cent 
of  soluble  salt  in  the  first  three  feet  in  these  places. 

Excepting  the  alkali  areas,  the  Miami  black  clay  loam  is  generally 
recognized  as  being  a  fine  soil  for  wheat,  oats,  barley  and  flax.  The 
type  very  well  withstands  moderate  drought,  the  subsoil  being 
always  in  fine,  moist  condition.  It  would  be  an  excellent  soil  for 
celery  in  seasons  of  good  rainfall. 

The  area  over  which  this  soil  occurs  is  verv  level,  broken  onlv  bv 
a  few  shallow  creek  depressions  which  do  not  at  all  interfere  with 
cultivation.     (See  figure  OO.) 

This  soil  is  a  lacustrine  deposit  and  is  the  only  type  in  the  area 
that  has  not  been  modified  by  other  action  since  the  original  depo- 
sition. 

The  following  table  shows  the  texture  of  this  soil : 
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The  muck  soil  is  found  in  many  places  in  different  parts  of  the 
area,  the  individual  areas  varying  in  size  from  an  acre  or  less  to 
about  one  square  mile.  The  type  consists  of  from  one  to  three  feet 
of  muck,  underlain  by  sandy  loam  or  sand  or,  rarely,  by  loam.  This 
is  in  turn  underlain  by  sandy  loam  to  a  depth  of  six  feet. 

Muck  is  found  in  local  depressions,  such  as  kettle  holes  and 
swales  and  generally  along  the  creek  courses  and  in  swamps.  It  n 
due  to  gradual  accumulation  and  decomposition  of  organic  matter 
resulting  from  the  rank  grasses  which  in  this  area  appear  to  be  about 
the  only  vegetation  growing  in  these  swampy  places.  In  the  spring 
of  the  year  the  areas  are  usually  wet  and  swampy,  but  during  sum- 
mer they  become  dry  enough  to  allow  the  cutting  of  the  grasses  for 
hay. 

No  alkali  exists  in  tliis  type,  its  absence  being  chiefly  due  to  the 
the  light  subsoil,  as,  aside  from  percolation  downward,  these  areas 
are  usually  poorly  drained. 

UNDERGROUND   WATER. 

No  general  relation  seemed  to  exist  between  the  sak  content  of 
the  soil  and  the  water  table,  except  where  the  latter  was  within  three 
feet  or  so  of  the  surface,  when  there  was  generally  a  noticeable 
increase  of  salt  in  the  surface  foot  of  soil. 
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The  following  table  shows  the  results  of  field  analyses  of  well 
wraters  in  all  parts  of  the  area.  With  but  few  exceptions  the  shal- 
low wells  contained  less  soluble  salts  than  the  dee])er,  and  especially 
the  flowing  wells.  The  alkali  content  of  the  last  ranged  from  420 
to  1,4-30  pans  of  soluble  salt  per  HH),{1(M)  parts  of  water,  the  salts 
consisting  mostly  of  chlorides,  with  sulphates  second.  The  deep 
and  the  flowing  wells  generally  contain  less  of  the  bicarbonates  than 
the  shallow  wells. 
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The  map  showing  the  alkali  in  the  soil,  departs  from  the  general 
rule  of  such  maps  previously  made  for  areas  lying  in  irrigated  and 
ari<l  regions  in  one  particular,  viz,  it  is  based  upon  the  mean  amount 
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of  salts  in  the  first  three  feet  of  soil  instead  of  upon  the  mean  in 
the  first  six  feet.  The  difference  in  cHmatic  conditions  and  the  fact 
that  shallow-rooted  crops  form  almost  exclusively  the  agriculture  of 
the  area  made  it  seem  unnecessary  to  use  the  more  extended  profile 
in  this  case.  It  is  even  thought  that  a  map  based  on  the  shallower 
borings  will  be  of  greater  value  than  one  where  the  deeper  subsoil 
was  taken  into  the  calculations. 

In  the  Grand  Forks  area  there  is  generally  enough  precipitation 
to  prevent  the  salt  in  the  subsoil  from  lodging  permanently  in  the 
surface  soil  through  capillary  action,  and  the  roots  of  the  crops  com- 
monly grown  do  not  usually,  perhaps  never,  reach  deeper  than  three 
feet.  The  fact  that  alkali  below  this  depth,  or  even  at  two  or  three 
feet,  can  have  little  or  no  effect  on  the  crop  growth  was  conclusively 
proved  by  the  condition  of  the  crops  seen  during  the  survey.  Irri- 
gation is  not  practiced  in  the  areas,  and  probably  never  w-ill  be  ex- 
tensively practiced,  so  that  the  vertical  distribution  of  the  salts  will 
not,  as  in  other  alkali  areas,  be  affected  artificially,  and  as  long  as 
the  present  method  of  farming  continues  in  the  area  there  seems  no 
probability  that  the  salts  in  the  subsoil  will  rise. 

A  number  of  determinations  were  made,  however,  to  depths  of 
six  and  of  eight  feet,  for  the  purpose  of  studying  the  vertical  distri- 
bution of  the  salts  in  the  subsoil.  No  alkali  was  found  in  the  Miami 
sandy  loam,  even  at  a  depth  of  six  feet,  and  not  enough  in  the  first 
three  feet  of  Fargo  gravelly  loam  to  map,  though  considerable  quan- 
tities were  present  in  the  subsoil.  The  conditions  in  the  case  of  the 
Miami  loam  were  similar  to  those  of  the  Fargo  gravelly  loam,  as 
typically  developed,  and  in  these  two  t>T>es  alkali  •A\'Ould  have  been 
much  more  general  had  the  salt  map  been  based  on  the  mean  of  six- 
foot  borings  instead  of  three-foot  borings,  and  the  conditions  would 
have  apparently  been  much  worse  than  they  actually  are.  \'ery 
little  alkali  was  found  in  the  Fargo  loam  in  the  first  three  feet,  and 
none  was  found  in  the  subsoil,  as  this  was  much  lighter  in  texture 
than  the  soil. 

The  two  types  containing  injurious  amounts  of  alkali  in  the  first 
three  feet,  as  well  as  in  the  deeper  soil,  are  the  Miami  black  clav 
loam  and  the  valley  phase  of  the  Fargo  gravelly  loam,  ^s  shown 
by  the  alkali  map,  the  greater  part  of  these  two  soils  carry  an  aver- 
age of  more  than  0.20  per  cent  of  soluble  salt  at  soil  saturation  in 
the  first  three  feet,  and  if  the  map  had  been  constructed  to  six  feet 
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the  conditions  would  have  appeared  worse  in  practically  all  parts  of 
these  areas. 

The  worst  alkali  conditions  were  found  in  township  151  N.,  ran- 
ges 51  and  52  W.  This  includes  most  of  the  strictly  lacustrine  de- 
posit soils,  as  the  surface  soils  west  of  Emerado  have  been  modified 
by  secondary  deposits  since  the  lacustrine  subsoil  was  laid  down. 

Two  ways  suggest  themselves  in  which  the  alkali  may  have  orig- 
inated. It  may  have  reached  the  surface  by  the  capillary  move- 
ment of  the  salt-carrying,  deep-seated  waters  percolating  the  under- 
lying drift  or  Cretaceous  shales,  assisted  by  the  natural  pressure  to 
which  these  substrata  arc  subjected,  or  it  may  have  been  deposited 
with  the  lacustrine  material  either  by  being  in  solution  in  the  lake 
water,  which  may  have  been  concentrated,  or  as  being  originally  in 
the  soil  washed  into  the  lake.  It  does  not  appear  that  the  lake  wa- 
ter ever  reached  a  high  state  of  concentration  and  this  theory  is 
hardly  likely,  the  origin  of  the  lake  considered. 

The  soil  borings  can  be  of  little  value  in  determining  the  origin, 
except  so  far  as  they  show  the  constitution  of  the  alkali.  Consid- 
erable information  on  this  point  is  obtained  by  a  study  of  the  table  of 
analyses  of  well  waters  given  on  a  preceding  page.  It  is  undoubt- 
edly fair  to  assume  that  the  relation  of  the  salt  constituents  in  the 
weM  waters  agrees  approximately  with  the  solution  in  the  soil  from 
which  the  water  is  derived. 

The  chemical  analysis  of  the  standardization  solution  made  in  the 
Bureau  laboratory  conclusively  shows  the  great  preponderance  of 
the  acids  to  be  sulphates,  these  constituting,  in  fact,  more  than  half 
of  the  total  amount  of  salts,  with  chlorides  second,  but  by  no  means 
in  large  quantities.  This  solution  represents  all  depths  of  alkali 
soils  from  surface  crusts  to  soil  six  feet  below  the  surface.  Tlie 
various  titrations  made  on  soil  samples  in  all  parts  of  the  area  by 
the  party  in  the  field  also  brought  out  the  fact  that  sulphates  were 
generally  in  excess  of  any  other  salt.  An  inspection  of  the  table  of 
well-water  analyses  will  show  that  the  shallower  wells,  with  but 
very  few  exceptions,  show  sulphates  greatly  in  excess  of  chlorides. 

As  no  method  for  the  determination  of  sulphate  quantitatively 
in  the  field  has  been  devised,  these  were  estimated  by  difference. 
The  total  amount  of  salt,  the  chlorides,  the  carbonates,  and  the 
bicarbonates  were  determined  electrically  and  volumetrically,  and 
it  was  assumed  that  the  difference  between  the  total,  amount  of  salt 
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and  the  sum  of  the  other  constituents  mentioned  was  equal  to  the 
sulphates.  The  results  of  this  method  are  not,  of  course,  strictly 
accurate,  but  are  sufficiently  so  for  the  purpose  of  discussion,  as  no 
other  salts  were  reported  in  the  complete  chemical  analyses  made 
in  the  laboratories. 

By  referring  to  the  above  mentioned  table  it  will  be  seen  that 
the  chlorides  and  sulphates  occur  in  altogether  different  relation  in 
the  deeper  wells,  and  especially  in  the  flowing  wells,  than  they  do 
in  the  shallower  wells,  i.  e.,  wells  with  a  depth  of  twenty  feet  or  so. 
There  are  apparently  exceptions,  as  for  instance  in  Nos.  230  and 
335,  but  as  the  surface  water  was  not  excluded  from  the  deeper  seat- 
ed strata  these  are  of  no  consequence.  The  chlorides  are  in  every 
instance  in  excess  of  the  sulphates  in  these  deep  wells,  while  in  the 
shallower  wells  the  sulphates  are  largely  in  excess.  Considered 
along  with  this  that  beds  of  sulphates,  especially  g}'psum,  are  quite 
numerous  in  the  lacustrine  deposit  and  distributed  over  the  en- 
tire lacustrine  area — !Miami  black  clay  loam  and  valley  phase  of  the 
Fargo  gravelly  loam — one  cannot  but  conclude  that  the  alkali  in 
the  alluvial  area  in  the  surface  soils  was  deposited  with  the  soils 
at  the  time  these  were  laid  down  in  the  lake,  and  that  the  alkali  wa- 
ter from  the  deeper  and  flowing  wells  belongs  to  another  formation 
probably  the  underlying  Cretaceous  shales. 

With  but  few  exceptions  the  quantity  of  salt  was  found  to  in- 
crease downward.  The  maximum  found  was  about  three  per  cent 
in  the  dry  soil,  and  in  the  worse  alkali  districts  this  quantity  was 
*  found  at  from  three  to  six  feet.  No  maximum  was  found  in  any 
one  particular  foot  section,  but  when  once  the  three  per  cent  was 
reached  there  was  no  diminution. 

Black  alkali  was  very  often,  in  fact  generally,  found,  even  in  the 
presence  of  small  amounts  .of  sulphates,  in  both  soil  and  subsoil. 
It  was  particularly  likely  to  occur  in  the  surface  foot,  the  amounts 
varying  from  a  trace  to  0.07  per  cent,  though  this  latter  figure 
was  reached  in  but  one  place.  As  much  as  O.Oo  per  cent  was  found 
in  a  number  of  places,  but  the  distribution  was  not  sufficiently  exten- 
sive or  general  to  warrant  the  construction  of  a  separate  black 
alkali  map. 

Good  crops  of  grain,  flax,  and  millet  were  often  found  growing 
on  the  alkali  soils,  even  where  the  average  amount  of  salt  in  the 
first  three  feet  ranged  from  one  to  three  per  cent.     This  was  due 
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oft^n  to  the  unequal  vertical  distribution  of  the  alkali,  the  surfac 

foo^  carrying  but  a  small  part  of  the  total  amount.    In  arid  region 

sucrl-i  amounts  of  alkali  would  with  certainty  kill  any  but  the  mos 

tesi-stant  salt  grasses,  and  some  areas  where  most  vegetation  ha 

succumbed  were  found  in  the  area  surveyed,  w4iile  in  the  wors 

alVesili  district,  in  and  around  Ojata,  bare  spots  were  common,  thes 

cotitaining  a  surface  deposit  of  alkali,  where  even  salt  grasses  am 

alkali  weeds  could  not  exist.     However,  very  fair  crops  were  foun- 

to  be  growing  even  where  the  surface   foot   carried  what   wouL 

usually  be  considered  excessive  amount.^;   of   salt   for   agricultura 

crops. 

The  table  on  the  following  page,  while  not  intended  at  all  to  de 
fine  the  exact  salt  conditions  under  which  crops  will  or  will  nc 
g^ow,  shows  at  least  conditions  as  found  in  the  area  surveyed. 
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There  are,  of  course,  dilYorcnt  crop  conditions  with  the  sani 
salt  content  in  the  surface  i^^ot  of  soil,  as  many  factors  enter  int< 
discussion,  such  as  late  or  rarly  srt-dinj:)^,  presence  or  absence  o 
favorable  proportion  of  moisture  in  the  soil.  etc.  As  those  condi 
tions  were  found  in  the  tall  of  the  year  wlien  the  crojKS  were  ma 
tured  there  can  be  no  doubt  about  the  (observations.  Ft  shonld  als* 
be  kept  in  mind  that  in  every  instance  the  salt  content  increasci 
in  lower  depths,  the  third  foot  section  carryinij^  more  than  one  pe 
cent  of  alkali  in  some  cases  where  good  crops  were  grc^wing. 

TTiere  is  but  one  wav  to  reclaim  the  alkali  fiats  so  that  thev  wil 
grow  agrricultural  crops  profitably,  viz.  by  tlraininj^  them  artificially 
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The  subsoil  is  too  heavy  in  all  places  to  accomplish  drainage  other- 
wise. The  alkali  area  in  and  around  Ojata  could  be  drained  into 
the  swamps  and  shallower  creek  beds  or  sloughs  found  there.  It 
would,  however,  involve  quite  an  outlay  of  capital,  and  under  pres- 
ent agricultural  conditions  would  probably  not  be  profitable.  The 
drains,  however,  would  not  need  to  be  laid  as  deep  as  in  the  more 
arid  regions,  as  the  greater  rainfall  washes  the  salts  down  from 
the  surface  and  it  is  not  necessary  to  control  accumulation  through 
evaporation.  These  alkali  flats  are,  however,  valuable  even  in  their 
present  con<lition,  as  the  native  grasses  growing  on  the  greater 
part  of  them  make  very  good  hay  when  properly  cured. 

CHEMICAL  ANALYSES  OF  .\LKALI   SOILS  ANI>  CRUSTS 
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Part  of  the  sodium,  varying  from  0,24  per  cent  in  sample  74*3. 
to  2.17  per  cent  in  sample  T-ICO,  was  probably  in  combination  wi*! 
organic  acids,  and  is  tlicreforc  not  shown  in  the  foregoing  table- 


.\(;kici;ltlral  mkthc 


The  principal  products  grown  are  wheat,  oats,  barley,  flax,  mill«* 
and  hay.  Some  vegetables  are  produced  for  the  market,  but  K^ot 
much  importance  is  given  to  this  branch  of  farming.  The  hay  land's 
are  confined  chiefly  to  the  low-lying  and  naturally  swampy  areas. 
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V^^l-i^at  is  by  far  the  most  important  crop  grown,  and  the  product  is 
favorably  known  all  over  the  country  for  its  quality.  The 
at  is  all  spring  sown  and  of  the  hard  variety.  In  1902  there 
a  greater  area  in  the  county  devoted  to  wheat  than  to  all  other 
s  combined.  In  the  same  year  flax  was  second  in  acreage,  it 
ixig  been  grown  much  more  generally  that  year  than  ever  before. 
-  increase  that  year  was  no  doubt  partly  due  to  a  desire  to  carry 
XTiore  diversified  farming,  but  also  largely  to  the  fact  that  the 
son  was  quite  late  and  much  of  the  land  not  dry  enough  in 
^^^"^^^  to  allow  wheat  or  oats  to  mature.  Millet  was  likewise  grown 
^''^^^x*^  largely  in  1902  than  in  any  other  year,  which  was  also  main- 
ly ^^ne  to  a  late  spring.  These  two  crops  need  less  time  to  mature 
**^*^»^  do  the  cereals,  and  hence  thev  are  sometimes  used  as  emer- 
:y  crops. 

lax,  however,  is  generally  conceded  to  be  an  unprofitable  crop 
^^^     S'row  on  the  same  piece  of  land  for  more  than  two  successive 
^'^^rs,  owing  to   a  peculiar  disease  known  as  "flax  wilt."      The 
^^^^laMe  is  due  to  a  fungus  which  appears  to  be  introduced  with  the 
^^<^cl.     When  aflFected  the  plants  turn  yellow  and  partly  wilt,  and  are 
^c^risiderably  stunted  in  growth.     If  by  chauce  they  mature — which 
^  l>a.dly  aflFected  plant  does  not — the  seed  is  smaller  than  the  average 
**^>cseed  and  of  a  very  inferior  quality.     There  seems  to  be  no  rem-^ 
^^v-    yet  discovered  for  the  disease,  and  farmers  are  recommended 
^y    the  experiment  stations  to  take  great  care  in  selecting  their  seed 
^•^cl   to  treat  it  with  formaldehyde.     The  crop  is  grown  almost  ex- 
clusively for  the  seed,  nothing  being  as  yet  done  with  the  fiber  ex- 
cepting a  small  amount  used  at  Fargo  for  making  hemp.     Plans  are 
^*eirig  seriously  considered,  however,   for  putting  in  machinery  at 
'^^t  place  (the  plant  now  is  small)  which  would  utilize  more  of  the 
^^^a.Av  and  make  the  industry  more  general. 

There  is  but  little  systematic  rotation  of  crops  practiced.     A  num- 

^^i"    of  instances  were  met  with  where  farmers  had  planted  wheat 

^'^    eighteen  or  twenty  years  without  any  other  crop  as  alternate, 

^^   only  break  in  the  scheme  being  two  or  three  years  of  summer 

*  allowing.     The  eflFect  of  such  constant  cropping  is  quite  readily  no- 

*^^ed  in  some  parts  of  the  area,  though  much  of  the  land  contuiues 

^^  yield  apparently  as  good  crops  as  ever.     When  land  is  considered 

^^    need  of  "rest"  it  is  generally  summer  fallowed.     A  decidedly 

"^tter  plan  would  be  to  alternate  with  hoed  crops  of  some  kind,  but 
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as  the  farms  are  generally  extensive  in  area  it  does  not  seem  to  be 
considered  worth  while  to  expend  the  labor  necessary  to  the  produc- 
tion of  such  crops.  More  diversified  farming  could,  however,  be 
profitably  introduced.  Similarly  little  attention  is  paid  to  adapta- 
tion of  crops  to  soils,  any  crop  l>eing  planted  on  any  kind  of  land. 

Plowing  is  generally  done  in  the  fall,  often  before  the  grain  is 
thrashed.  This  enables  the  seeding  of  the  land  to  be  done  earlier 
in  the  spring  than  when  plowing  is  left  until  spring,  and  this  is  an 
important  matter  on  account  of  the  shortness  of  the  growing  sea- 
son. It  is  also  a  good  practice  in  that  it  leaves  the  soil  in  a  bet- 
ter condition  for  nourishing  the  next  year's  crop,  as  the  weather- 
ing processes  going  on  during  the  winter  materially  increase  the 
available  plant  food.     Especially  is  this  true  of  the  heavier  soils. 

The  amount  of  seed  sown  to  the  acre  varies  widely,  differing  with 
the  soil  conditions  and  individual  opinion.  Any  quantity  from  one 
and  a  quarter  to  three  bushels  of  wheat  per  acre  is  sown,  and  ad- 
herents of  both  extremes  claim  the  better  results.  Certain  it  is, 
however,  that  more  seed  is  needed  in  late  sowing  than  in  early 
sowing,  in  order  that  too  much  stooling  may  be  prevented  and  the 
crop  forced  lo  maturity  as  early  as  possible. 

Grain  harvesting  is  done  altogether  with  the  binder,  and  the 
thrashing  is  done  by  steam  power.  Usually  the  grain  is  not  stack- 
ed, but  is  hauled  direct  from  the  shock  to  the  thrasher.  Considera- 
ble time,  trouble,  and  expense  are  thus  saved :  but  there  is  a  slight 
loss  attending  this  method,  as  wheat,  especially,  will  usually  sell  a 
gra<le  better  if  allowed  to  pass  through  the  "sweating'  process  in  the 
stack.  It  is  generally  considered,  however,  that  the  higher  price 
received  is  not  sufficient  to  warrant  the  trouble  and  expense  of 
stacking. 

The  yields  vary  quite  widely  in  different  ])arts  of  the  area,  even 
on  the  same  soil  types,  the  variation  depending  on  a  number  of 
factors.  It  is  considered  by  unprejudiced  observers  that  the  aver- 
age yield  per  acre  is  about  twelve  or  fifteen  bushels  of  wheat,  and 
this  is  i^robably  a  low  enough  figure.  Forty  bushels  per  acre  have 
been  raised  with  favorable  circumstances.  Ilarlev  vields,  on  the 
avcraee,  from  twentv-five  to  thirtv  bushels,  and  oats  from  thirtv- 
five  to  forty  busliels  per  acre.  Flax,  which  is  becoming  an  im- 
portant crop,  averages  about  fifteen  bushels  per  acre.  As  before 
mentioned,  this  crop  does  better  on  land  that  has  not  been  seeded  to 
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flax  for  a  number  of  years.  An  interesting  case  was  met  with  in 
the  area,  where  a  piece  of  land  had  yielded  twenty-five  bushels 
per  acre  the  first  year — a  big  crop — twenty  bushels  the  second,  fif- 
teen bushels  the  third,  and  about  twelve  to  fifteen  bushels  the  fourth 
year.  This,  however,  was  on  a  choice  piece  of  land,  and  where  good 
care  had  been  given  the  crops. 

Very  little  fruit  has  yet  been  raised  or  attempted  to  be  raised  in 
the  county,  the  climate  being  too  severe  for  any  but  the  most  hardy 
sorts. 

AGRICULTURAL   CONDITIONS. 

The  agricultural  conditions  of  the  state  at  large  have  improved 
greatly  and  in  almost  every  respect  during  the  last  decade.  In  that 
time  the  cultivated  area  and  the  number  of  farms  have  increased 
nearly  100  per  cent,  the  acreage  per  farm  has  increased  from  377 
to  3 13  acres,  and  the  value  of  farm  lands,  improvements,  buildings, 
live  stock,  etc..  has  almost  doubled. 

The  number  of  acres  in  farms  in  Grand  Forks  county  in  1900  was 
801,872.  There  were  2,308  farms.  The  average  size  of  farms  was 
304  acres,  and  the  average  value  of  each,  exclusive  of  buildings  and 
improvements,  was  $0.3?7.  About  87  per  cent  of  the  farm  land  in  • 
the  county  is  improved,  and  more  is  constantly  being  brought  under 
cultivation.  Generally  speaking,  the  buildings  and  improvements 
are  good,  especially  on  the  better  lands,  and  the  farmers  are  well 
supplied  with  the  necessary  live  stock  and  implements  for  the  suc- 
cessful operation  of  their  farms. 

The  jx)pulation  of  Grand  Forks  county  is  composed  almost  en- 
tirely of  the  farming  clas-:;,  and  little  interest  is  taken  in  stock  rais- 
ing except  as  an  adjunct  to  the  C'c<inomical  operation  of  the  farm. 
The  proportion  of  the  farmers  of  Grand  Forks  county  owning  farms 
cannot  be  definitely  5;tatcil,  but  for  the  whole  state  IH.-*)  per  cent  of 
the  farms  are  operated  by  the  owners  and  7.2  per  cent  are  operated 
by  share  tenants.  This  would  i^robably  be  a  very  fair  estimate  of 
the  conditions  of  tenure  in  the  conntv.  Some  of  the  farms  classed 
as  operated  by  the  owners,  especially  the  larger  farms,  are  in  charge 
of  managers  ap])ointed  by  the  owners.  The  managers  have  general 
supervision  of  affairs  and  receive  a  fixed  remuneration  for  their 
services.  Oin'te  often  farms  are  operated  by  the  owners  and  ten- 
ants in  conjunction,  the  tenants  receiving  a  share  of  the  products. 


58       AGRICULTURAL  COLLEGE  SURVEY  OF  NORTH  DAKOTA 

Considerable  labor  is  hired  during  the  busy  seasons  of  the  year, 
and  especially  at  harvest  time.  This  being  temporary  employment, 
the  laborer  is  paid  considerably  more  than  where  the  service  is  per- 
manent, $2.50  to  $3  per  day  for  single  hands  being  quite  common, 
the  work  being  shocking  grain,  assisting  in  thrashing,  plowing, 
etc.  Labor  by  the  month  or  year  is  paid  much  less.  According 
to  a  report  of  the  county  auditor,  there  were  employed  on  the  farms 
of  the  county,  in  1901,  1,675  male  and  347  female  employees.  Ac- 
cording to  the  same  authority,  the  aver-age  wages  paid  were  $24.25 
and  $13  per  month,  respectively.  There  is  very  little  colored  help 
employed  in  the  county. 

The  transportation  facilities  of  the  county  are  good.  The  main 
line  of  the  Great  Northern  passes  through  the  area  from  east  to 
west,  and  a  number  of  branches  of  this  system  radiate  from  Lari- 
more  and  Grand  Forks.  The  Northern  Pacific  system  also  touches 
the  area,  passing  through  Grand  Forks. 

Along  the  railroads,  at  frequent  intervals  and  convenient  points, 
there  are  small  stations,  each  with  from  one  to  half  a  dozen  eleva- 
tors for  storing  products  temporarily  to  await  shipment.  Few  farm- 
ers have  granaries  of  their  own,  but  deliver  their  grain  to  the  ele- 
vators imijiediatcly  after  it  is  thrashed,  thus  usually  disposing  of  it 
at  a  lower  price  than  could  be  obtained  later  in  the  year.  But  as 
the  country  is  practically  new  and  as  many  of  the  farmers  have  had 
to  pay  for  their  land  in  yearly  payments,  many  of  them  are  not  yet 
in  condition  to  hold  their  crop. 

A  prominent  feature  of  the  agriculture  of  the  county  is  the  opera- 
tion of  large  farms.  These  frequently  range  between  1,000  and 
5,000  acres,  and  in  one — the  largest  in  the  county,  and  reported  to 
be  the  largest  grain  farm  in  the  world — 11,000  acres  were  sown  to 
crops  in  1902.  A  movement  is  on  foot,  however,  to  have  this  place 
divided  up  into  quarter  sections  and  sold  to  colonists.  This  would 
introduce  a  more  diversified  farming,  dairying,  etc.,  and  would  be 
a  good  thing  for  the  county.  Some  of  the  other  owners  of  large 
farms  are  seriously  considering  doing  the  same  thing,  and  better 
agricultural  conditions  will  soon  obtain  if  the  plan  is  carried  out. 
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SOIL  SURVEY  OF  THE  FARGO  AREA. 
By  Thomas  A.  Caine. 

Field  Operations  Bureau  of  Soils.  1903. 
LOCATION  AND  BOUNDARIES  OF  THE  AREA. 

The  Fargo  area  lies  wholly  within  Cass  county,  one  of  the  east- 
ern tier  of  counties,  and  represents  a  typical  section  of  the  Red  River 
valley  from  the  Red  River  on  the  east  to  the  highest  shore  line  of 
glacial  Lake  Agassiz  on  the  west. 

It  is  confined  within  meridians  ninety-six,  fifty-one  minutes,  twen- 
ty-six seconds  and  ninety-seven  degrees,  thirty-two  minutes,  nine 
seconds  west  logitude  and  parallels  forty-six  degrees,  forty-seven 
minutes,  thirty-three  seconds  and  forty-six  degrees,  fifty-seven  min- 
utes forty-seven  seconds  north  latitude,  and  consists  of  townships 
139  and  140,  ranges  41)  to  54  west,  inclusive.  There  are  259,776 
acres,  or  approximately  40G  square  miles,  in  the  area. 

HISTORY    OF    SETTLEMENT    AND    AGRICULTURAL    DEVELOPMENT. 

The  first  white  settlement  in  the  Red  River  basin  was  as  early  as 
181(),  when  the  Selkirk  colony,  coming  via  Hudson  Bay,  settled  in 
the  vicinity  of  Winnipeg.  From  that  time  until  about  the  middle 
of  the  century  fur  trading  was  the  only  occupation  of  the  white  set- 
tlers of  the  region. 

In  1851  a  few  wdiite  settlers  obtained  some  land  from  the  Sioux 
Indians  for  agricultural  i)uqx)scs,  but  the  Indians  were  so  trouble- 
some that  these  early  attempts  at  agriculture  were  unsuccessful. 

It  was  not  until  late  in  the  seventies,  after  the  Northern  Pacific 
and  Great  Northern  railways  had  penetrated  the  region,  that  the 
sj)ecial  adaptation  of  the  soil  for  wheat  became  generally  known. 
From  1875  to  1885  tlie  settlement  of  the  region  was  pushed  forward 
very  rapidly,  nearly  all  of  the  land  in  the  valley  lx?ing  taken  up 
during  these  years  by  homestead  or  preemption  claims  from  the 
government,  or  by  purchase  from  railroad  corporations  of  land 
which  they  had  received  from  the  government  as  grants.  Agricul- 
tural development  was  very  rapid  along  the  main  lines  of  these 
railroads,  and  branches  were  soon  built  which  greatly  increased  the 
shipping  facilities  of  the  area  and  resulted  in  a  great  im^x^tus  to 
farming.  !Many  settlers  flocked  in  from  the  older  states  and  many 
came  from  the  Old  World,  especially  from  Norway,  Sweden,  and 
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Denmark.  In  1889  Dakota  territory  was  divided,  and  two  states, 
North  Dakota  and  South  Dakota,  were  admitted  to  the  Union. 
During  the  last  decade  land  values  in  the  area  have  nearly  doubled, 
and  the  prospects  are  for  still  higher  values.  During  the  last  few 
years  more  stock  has  been  introduced  into  the  country,  and  there 
is  a  strong  tendency  toward  more  diversified  farming  and  better 
cultural  methods. 

CLIMATE. 

Owing  to  the  absence  of  timber  lands  and  the  geographic  position 
of  the  area  in  the  center  of  a  large  continent  and  at  a  high  latitude, 
the  difference  between  the  temperature  of  summer  and  winter  is 
very,  great.  Usually  there  are  only  a  few  days  in  summer  when  the 
mercury  gets  as  high  as  100  degrees  F.,  and  the  nights  are  always 
cool.  The  seasons  are  sharply  defined.  The  growing  season  opens 
suddenly  in  April,  when  the  surface  of  the  ground  thaws  rapidly, 
permitting  seeding  in  a  few  days.  Winter  is  generally  ushered  in 
by  a  sudden  cold  wave  in  November,  when  the  ground  freezes  and 
the  fall  plowing  is  stopped. 

During  the  months  of  January  and  February  the  temperature  is 
often  from  10  degrees  F.  to  30  degrees  F.  below  zero  for  days  at  a 
time,  but  owing  to  tlic  dryness  of  the  atmosphere  this  low  tempera- 
ture is  not  as  difficult  to  endure  as  a  much  higher  temperature  along 
the  coasts  or  lakes,  where  the  humidity  is  usually  greater. 

The  region  may  be  classed  as  subhumid,  the  normal  rainfall  being 
about  '?3  inches.  The  following  table,  compiled  from  records  of  the 
Weather  Bureau  stations  at  Power  and  Wahpeton,  N.  Dak.,  and 
Moorhead,  Minn,  (across  the  river  from  l^irgo,  N.  D.,)  shows  the 
normal  monthly  and  annual  temperature  and  precipitation: 
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NORMAL   MONTHLY  AND  ANNUAL  TEMPERATURE   AND    PRECIPITATION 


Month 


Power 


Temper- 
ature— 
decrees  F 


Precipita- 
tion- 
inches 


Wahpeton 


Temper- 
ature— 
decrees  F 


Precipita- 
tion- 
inches 


Moorhead 


Temper-    •  Precipita- 
ature—      I      tion — 
degrees  F  '      inches 


January  — 
February . . 

March 

April 

May 

June 

July 

AuKust 

September 
October  . . . 
Novembt^r  . 
December. 

Year.. . 


11.4 
7.0 
19.0 
41.0 
M.O 
65.0 
69.0 
67.0 
60.0 
4r>.0 
•JS.O 

no 

39.5 


0.50 

9.0 

.60 

9.4 

1.59 

24.0 

l.KS 

46.0 

1.99 

•      5S.0 

3.73 

6<$.0 

3.M) 

70.0 

1.79 

68.0 

1.16 

61.0 

1  :w 

(6.0 

.♦il 

26  0 

.«■_' 

16.0 

19.8-2 

41.6 

0.34 

0.9 

.59 

4.5 

2.63 

20.2 

2.45 

41.3 

2.99 

53.2 

4.27 

64.8 

4.:2 

67.6 

2.83 

65.2 

1.44 

56.5 

1.35 

43  ! 

.(JO 

•>|     •! 

.:<> 

11.9 

0.73 

.83 

.87 

2.23 

2.50 

4.36 

3.91 

2.68 

2.09 

1.92 

.92 


23.% 


■    4  art 


37.6 


23. 


1 1 


A  study  of  the  records  of  temperature  year  by  year  seems  to 
indicate  that  the  winters  are  less  severe  than  formerly,  the  greatest 
change  being  in  January  and  February.  In  those  months  there  has 
been  a  decided  increase  in  temperature,  while  in  [March,  April  and 
May  the  difference  is  less  marked,  and  during  the  remainder  of  the 
year  the  conditions  have  been  more  constant.  The  milder  winter  is 
a  fact  well  recognized  by  all  farmers  who  have  lived  in  the  valley 
for  a  score  or  more  of  years. 

Owing  to  the  difficulty  of  getting  onto  the  fields  early  enough  in 
the  spring  to  plow  for  seeding,  nearly  all  of  the  i)lowing  is  done  in 
the  fall  after  harvest.  This  exposes  the  black  soil  characteristic  of 
the  valley  to  the  sun  during  the  winter  months.  The  rainfall  is 
greatest  during  June  and  July,  the  months  when  it  is  needed  most 
by  the  growing  crops.  During  January  and  February,  the  months 
in  which  there  has  been  the  greatest  increase  in  temperature,  the 
average  precipitation  is  less  than  one  inch.  The  small  amount  of 
snow  that  falls  during  these  months  is  no  longer  lodged  in  the 
prairie  grass  as  formerly,  but  is  eitlier  blown  off  the  plowed  fields 
into  the  coulees  or  is  melted  upon  the  heat-absorbing  black  soil  dur- 
ing the  bright  days.  Before  the  country  was  broken  u])  this  snow 
was  held  in  the  prairie  grass.  A  perfectly  black  Ix^^dy  has  the  pro])- 
erty  of  absorbing  all  radiations  which  fall  upon  it.  and  this  increases 
its  temperature.  Tn  the  case  of  a  black  soil  a  part  of  the  heat  thus 
absorbed  is  again  radiated,  while  a  part  of  it  is  conducted  away  to 
other  portions  of  the  soil  mass  not  exposed  directly  to  radiation. 
The  temperature  of  the  soil,  as  a  whole,  is  thus  rai.sed,  and  by 
radiation  the  .soil  warms  the  air  to  some  extent.     A  perfectlv  re- 
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fleeting  body,  on  the  other  hand,  which  would  in  a  way  be  approxi- 
mated by  the  light-colored  prairie  grass  and  the  white  snow,  would 
reflect  all  the  radiation  falling  upon  it  without  any  corresponding 
rise  in  temperature.  This  may  account  for  the  change  in  winter 
temperature  thought  to  have  taken  place  in  this  region. 

The  term  "killing  frost"  represents  a  frost  which  will  kill  such 
crops  as  are  generally  grown  in  the  valley,  and  usually  represents 
a  temperature  of  26  degrees  F.  If  fruits  or  other  more  delicate 
crops  were  grown  in  the  valley  a  higher  temperature  would  have 
to  be  taken  as  indicating  a  killing  frost.  The  average  dates  of 
killing  frosts,  based  on  records  covering  a  period  of  twenty-two 
years,  are  as  follows:  Last  in  spring,  May  14;  first  in  fall, 
September  20. 

PHYSIOGRAPHY  AND   GEOLOGY. 

In  preglacial  times  there  was  a  broad,  well-defined  valley,  cut 
through  the  soft,  Cretaceous  shale,  sloping  northward  from  the 
vicinity  of  w^hat  is  now  Lake  Traverse,  S.  Dak.,  past  Winnipeg, 
Manitoba,  to  Hudson  Bay. 

During  Glacial  times  the  bottom  of  this  valley  became  covered  to 
a  considerable  thickness  with  glacial  debris  or  till,  and  when  the  ice 
sheet  retreated  northward  it  became  filled  with  water  from  the  melt- 
ing ice,  and  a  lake  was  formed,  with  its  southern  end  near  Lake  Tra- 
verse, and  extending  northward  into  Canada.  This  lake  is  known 
as  Lake  Agassiz.  The  width  varied,  but  when  the  water  was  at  its 
highest  level  the  average  width  was  about  45  miles.  The  great  ice 
barrier  to  the  northward  would  not  permit  the  water  to  flow  in  that 
diiection,  and  the  natural  drainage  during  this  period  was  southward 
over  the  lowest  rim  of  the  basin  and  through  Big  Stone  Lake. 

The  melting  ice  furnished  an  abundance  of  water,  and  rapid 
glacial  streams  carrying  rock  fragments  of  all  sorts  and  sizes,  as 
well  as  finer  materials,  deposited  them  in  the  bottom  of  this  great 
lake.  The  material  carried  in  by  the  streams  was  sorted  by  the  ac- 
tion of  water,  the  heavy  sand  and  gravel  being  dropped  in  the  shal- 
low water  along  the  shore,  there  to  be  reworked  by  the  waves  and 
piled  up  by  them  into  l)eaches,  and  the  finer  materials,  silt  and  clay, 
being  carried  in  suspension  and  deposited  in  the  deeper  water. 

When  the  climate  became  warm  enough  to  lower  the  ice  dam  be- 
low the  level  of  the  southern  outlet  of  the  lake,  the  water  again 
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began  flowing  northward.  The  different  beaches  along  the  bottom 
of  the  old  lake  represent  the  different  levels  at  which  the  water  stood 
while  the  ice  dam  was  being  thawed  away,  and  finally,  when  the  ice 
was  entirely  removed,  all  but  a  portion.  Lake  Winnipeg,  which  was 
below  the  natural  drainage  channel,  became  dry. 

The  old  lake  lx)ttom  is  now  one  of  the  most  productive  wheat- 
growing  regions  in  the  world,  and  is  known  as  the  Red  River  Val- 
ley, taking  the  name  from  the  Red  River  of  the  North,  which  flows 
through  it  northward  into  Lake  W'iimipeg  and  thence  through  the 
Nelson  River  into  Hudson  Bav. 

The  Red  River  Valley  is  remarkably  level,  having  a  continuous, 
uniform  slope  northward  of  about  1  f(X)t  to  the  mile.  The  river 
itself  flows  along  the  lowest  portion  of  the  plain,  and  is  very  slug- 
gish and  meandering  in  its  course.  For  the  first  10  or  lo  miles 
east  and  west  from  tlie  stream  the  country  rises  imperceptibly,  the 
average  elevation  being  about  1  foot  for  every  T)  miles. 

The  area  surveyed  comprises  a  typical  section  of  the  Red  River 
Valley,  extending  from  the  Red  River  at  Fargo  westward  beyond 
the  highest  shore  line  of  the  ancient  lake.  For  the  first  15  miles  or 
so  w-est  at  Fargo  there  are  only  about  o  feet  difference  in  elevation. 
In  the  next  10  miles  there  is  a  gradual  rise  of  about  8  feet  to  the 
mile.  From  Wheatland  to  the  western  edge  of  the  area,  a  distance 
of  8  miles,  there  is  a  gradual  rise  of  22^2  feet  to  the  mile.  From  the 
Red  River  at  Fargo  westward  to  this  {X)int,  a  distance  of  35  miles, 
there  is  a  difference  in  elevation  of  2oP>  feet.  L^argo  has  an  altitude 
of  000  feet. 

The  highest  shore  line  of  the  lake  is  represented  by  an  abrupt  beach 
which  crosses  the  area  at  Magnolia  in  a  northeast-southwest  direc- 
tion. The  glacial  till  area  to  the  westward  is  characterized  by  its 
rolling  surface,  made  up  of  low  hills,  knolls,  and  kettle  holes,  and 
by  the  presence  of  rocks  of  all  sizes  strewn  alxDUt  the  surface  and 
disseminated  through  both  soil  and  subsoil.  This  glacial  till  area 
passes  under  the  lacustrine  deposits  to  the  eastward  at  a  gentle 
angle.  In  several  places  in  the  western  ])art  of  the  lake  area  the 
knolls  and  hills  of  the  underlying  till  come  so  close  to  the  surface 
as  to  appear  in  the  borings  and  along  streams  and  in  road  cuts. 

In  places  the  distinct  beach  which  passes  through  Wheatland  ap- 
pears to  be  made  up  largely  of  an  escarpment  of  glacial  till.  At 
Casselton,  7  miles  farther  east,  the  underlying  till  is  covered  with  the 
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lake  deposit  to  a  depth  of  TO  feet.    At  Fargo  the  till  lies  more  than 
100  feet  below  the  surface  deposit  of  lacustrine  silt  and  clay. 

While  the  surface  of  the  lowest  portion  of  the  valley  is  practically 
flat,  there  have  been  some  marked  changes  since  the  original  deposi- 
tion. For  example,  the  Red  River  and  its  tributaries,  the  Sheyenne 
and  Maple  rivers,  have  cut  channels  into  the  silt  and  clay,  and  dur- 
ing freshets  have  overflowed,  building  up  the  lands  immediately  ad- 
joining, which  now  are  higher  than  the  country  a  few  miles  away. 
This  higher  ground,  both  because  of  its  looser  texture  and  its  better 
condition  as  to  drainage,  is  more  satisfactory  for  farming  than  the 
lower  ground.  The  deep  black  soil  characteristic  of  the  middle 
portion  of  the  valley  doubtless  results  from  peculiar  conditions  once 
obtaining  in  this  lower  lying  area,  which  for  many  years  after  the 
recession  of  the  lake  was  an  extensive  marsh. 

The  rocks  from  which  the  soils  of  the  valley  were  originally 
derived  can  be  seen  in  the  lake  beaches,  and  consist  largely  of 
granite,  gneiss,  limestone,  and,  to  a  small  extent,  of  Cretaceous  shale. 
But  the  latter  rock  has  entered  into  the  composition  of  the  soil  to 
a  much  greater  extent  than  would  appear  from  its  relative  propor- 
tion in  the  beaches,  for  it  is  very  soft  and  much  more  easly  ground 
to  a  flour  by  the  glacier  than  the  harder  granite,  gneiss,  and  lime- 
stone. Chemical  analyses  of  the  water  from  the  underlying 
Cretaceous  shale  and  a  field  analysis  of  a  piece  of  pulverized  shale 
taken  from  a  well  shows  that  it  is  quite  alkaline.  The  fact  that  the 
alkaline  rocks  of  the  Cretaceous  formation  have  entered  largely 
into  the  composition  of  all  the  soils  of  the  region  accounts  for  the 
presence  of  alkali  in  all  parts  of  the  area. 

SOILS. 

Eight  distinct  types  of  soil  were  recognized  and  mapped  in  the 
Fargo  area:     The  ^larshall   clav,  Fargo  clav,   Miami   black   clav 
loam,  Miami  loam,  Marshall  gravelly  loam,  ^Marshall  loam,  Wheat- 
land sand,  and  Wheatland  sandy  loam.     The  last-named  type  is  im- 
modified  glacial  till :  the  other  types  are  composed  of  the  materials 
of  this  till  sorted  by  water  and  more  or  less  modified  by  weathering. 
The  soils  owe  their  distribution  largely  to  the  action  of  water,  either 
of  the  glacial  streams  flowing  into   Lake  Agassiz  or  of  the  lak^ 
itself.     Thus,  along  the  ancient  shore  is  found  a  beach  composed  C^.^ 
coarse  sand  and  gravel.     Tust  east  of  this  is  found  a  sand  class^.  ^ 
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and  mapped  as  Wheatland  sand.  Toward  the  middle  of  the  lake 
occur  the  soils  classified  as  loams,  clay  loams,  and  clays. 

The  regularity  of  the  separation,  sorting,  and  deposition  of  the 
glacial  till  material  was  more  or  less  interfered  with  by  the  fact 
that  as  the  ice  sheet  retreated  to  the  north  the  lake  stood  at  lower 
levels.     These  levels  are  represented  by  several  parallel  beaches. 

The  area  of  the  several  soil  types  is  given  in  the  following  table : 

AKEAS  OF   DIFFEKENT  SOILS. 


Soil 


Per  cent 


Soil 


Acres       Per  cent 


M arshall  clay 

Miami  black  clay  loam. 

Fargo  clay  
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Wheatland  sandy  loam. 
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MARSHALL   CLAY. 

The  soil  of  the  Marshall  clay  is  a  jet-black  clay  loam  or  clay  from 
18  inches  to  2  feet  deep.  The  subsoil  is  a  grayish-brown  silty  clay 
or  clay  extending  to  a  depth  of  G  feet.  From  G  to  9  feet  the  texture 
remains  the  same,  but  the  color  changes.  When  exposed  to  the 
air  the  subsoil  breaks  up  into  thin  flakes  resembling  shale  or  slate. 

This  type  occurs  in  large  bodies  in  the  eastern  part  of  the  area,, 

principally  between  Maple  River  and  Red  River.     The  areas  upon 

which  it  is  found  are  ^  little  higher  than  the  Fargo  clay  or  * 'gumbo** 

areas,  but  the  differences  in  elevation  are  slight  and  the  surface  mav 

be  considered  level.     The  condition  of  the  Marshall  clay  has  been 

greatly     improved     in     recent     years     b\'     the      construction     of 

ditches  along  the  roads  of  every  section  line.     The  most  desirable 

phase  of  this  type  is  found  along  tlic  rivers  where  the  ground  is  a 

little  higher  and  the  drainage  conditions  are  Ix^ter.     This  tvpe  is 

purely  a  lacustrine  deposit,  but  perhaps  somewhat  modified  by  the 

overflow  of  rivers  suhsetjuently  to  the  time  when  it  was  laid  down. 

Xo  injurious  amounts  of  alkali  were  found  in  the  first  3  feet  of 
this  soil,  but  the  alkali  increases  in  the  lower  depths  and  excessive 
amounts  were  often  found  in  the  sixth  f(X)t.  Traces  of  bicarbonates 
and  some  sulphates  were  usually  found  in  the  surface  foot. 

The  Marshall  clay  is  recognized  as  one  of  the  strongest  soils  of 
the  area  and  as  well  adapted  to  wheat,  oats,  barley,  flax,  and  corn. 
Because  of  its  somewhat  imperfect  drainage  it  can  not  be  seeded 
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as  early  in  the  spring  as  can  the  lighter  types  to  the  westward,  and 
consequently  the  crops  mature  later  on  this  soil. 

The  following  table  gives  mechanical  analyses  of  typical  samples 
of  this  soil: 

MECHANICAL  ANALYSES  OF  MARSHALL  CLAY 
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The  Fargo  clay  consists  of  from  G  to  14  inches  of  heavy  black 
clay,  underlain  by  gray  or  blue  clay  of  the  same  texture  to  a  depth 
of  -T  feet.  From  5  to  9  feet  it  is  composed  of  a  mottled  gray-brown 
and  yellow  clay  identical  with  the  corresponding  section  of  Marshall 
clay.  When  wet  this  ty|x;  is  very  waxy  and  gummy  and  has  an 
oily  feel.  It  is  exceedingly  slippery  under  foot  and  often  sticks  to 
the  wagon  wheels  in  such  quantities  that  they  present  the  appearance 
of  mud  disks.  During  the  wet  seasons  it  is  a  common  sight  to  see 
great  piles  of  this  nuid,  or  "gumbo"  as  it  is  called,  along  the  roads. 
where  tlie  fanrcrs  have  stopped  to  clean  their  wagon  wheels.  When 
dry  this  soil  can  not  be  turned  by  the  plow,  which  either  rides  on 
the  surface  or  pushes  to  one  side  or  ahead  of  it  cemented  portions 
of  the  soil  sometimes  a  yard  across.  When  wet  it  is  also  difficult  to 
cultivate,  as  it  sticks  to  the  plow. 

The  I'argo  clay  is  found  in  ail  parts  of  the  area  from  the  Red 
River  westward  to  Wheatland.  It  is  not  found  west  of  this  village, 
the  soils  there  being  lighter  and  the  drainage  more  perfect.     This 
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type  is  always  found  in  depressions,  and,  owing  to  the  impervious 
nature  of  both  soil  and  subsoil,  water  often  stands  upon  the  surface 
for  weeks  after  a  copious  rain.  The  largest  areas  of  the  type  are  to 
be  found  between  the  Red  and  the  Maple  rivers. in  the  vicinity  of 
Fargo  and  Haggart,  but  small  patches  of  it  may  be  seen  almost 
everywhere  associated  with  the  heavier  types  of  soil. 

Alkali  is  always  present  in  this  soil,  but  usually  not  in  injurious 
quantities.  Except  in  a  few  isolated  patches  excessive  amounts 
were  not  found  in  the  first  foot,  but  in  the  second  and  third  feet  the 
increase  was  usually  quite  marked.  In  neariy  all  cases  the  average 
for  the  first  3  feet  was  between  0.15  and  0.20  per  cent.  A  few 
isolated  spots,  not  large  enough  to  be  mapped  on  the  scale  used, 
were  found  where  the  average  of  the  first  3  feet  was  as  high  as 
0.40  per  cent.  If  an  average  for  the  first  G  feet  had  been  taken 
instead  of  the  first  3  feet  nearly  all  the  areas  would  show  a  salt 
content  of  about  0.40  per  cent.  The  greater  abundance  of  salts  in 
the  Marshall  clay  is  the  result  of  accumulation  by  leaching  from 
higher  lying  lands.  The  peculiar  waxy,  gummy  characteristic  of 
the  soil,  it  is  suggested,  may  be  due  to  the  presence  of  small  amounts 
of  bicarbonates.  The  experiments  of  the  college  farm  at  Fargo 
show  that  by  surface  drainage,  deep  plowing  and  turning  under 
coarse  manures  these  textural  peculiarities  can  be  considerably 
modified. 

This  soil  is  regarded  as  one  of  the  strongest  and  most  productive 
in  the  area  when  the  season  is  favorable.  The  great  difficulty  is  to 
get  the  seed  in  early  enough  in  the  spring  and  to  keep  the  land  from 
flooding  and  from  baking  after  rains.  Crops  are  often  injured  as 
much  by  the  baking  of  the  soil  after  a  rain  as  by  a  flood.  Under  the 
present  imperfect  condition  of  drainage,  it  is  only  about  one  year  in 
five  that  the  season  is  such  as  to  give  the  best  crops  from  this  type. 
As  a  result  these  lands  are  held  in  low  esteem  for  general  farming. 
When  seeded  with  brome  grass,  or  covered  with  natural  prairie 
grass,  they  are  excellent  for  hay  and  pasture. 

The  following  table  shows  the  texture  of  the  soil  and  subsoil  of 
this  type  as  determined  by  mechanical  analyses : 
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MECHANICAL  ANALYSES  OF  FARGO  CLAY 
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MIAMI  BLACK  CLAY  LOAM. 

The  surface  soil  of  the  Miami  black  clay  loam  consists  of  about  14 
inches  of  heavy  gray  or  black  loam,  lighter  in  texture  than  the  mate- 
rial of  the  Marshall  clay.  This  is  underlain  by  a  silty  clay  loam  to 
a  depth  of  3(J  inches,  beneath  which  occurs  a  chalk-coiored  material, 
slightly  coarser  in  texture,  and  reaching  to  a  depth  of  G  feet.  In  the 
lower  depths  this  light-colored  material  becomes  yellowish  owing 
lo  the  presence  of  iron  oxide.  Small  beds  of  gypsum  often  occur  in 
the  second  foot. 

This  soil  type  is  found  in  a  large,  continuous  body  which  extends 
across  the  area  in  a  northeast-southwest  direction  from  the  vicinity 
of  -Maple  River  westward  nearly  to  Wheatland.  From  the  extreme 
eastern  limit  to  the  extreme  western  limit  of  the  type  there  is  a 
difference  in  elevation  of  nearly  GO  feet.  This  gives  a  gradual  rise 
of  alxiut  G  feet  to  the  mile,  so  that  the  drainage  conditions  are  more 
favorable  than  in  any  of  the  types  to  the  eastward.  Because  of  this 
and  of  the  more  porous  nature  of  the  subsoil,  water  seldom  stands 
upon  the  surface  long  enough  to  cause  injury  to  growing  crops  or 
to  retard  cidtivation.  This  soil  retains  moisture  well  and  gives  it  up 
in  time  of  drought  when  the  growing  crops  most  need  it.  The  soil 
is  typically  developed  in  the  regions  north  and  south  of  Casselton. 

To  a  depth  of  'S  feet  there  are  no  injurious  amounts  of  alkali  in 
either  soil  or  subsoil.  Below  that  depth  the  amount  sometimes 
liecomes  considerable.  A  trace  of  black  alkali  was  found  in  the  sur- 
face foot. 
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The  Miami  black  clay  loam  is  the  soil  which  has  contributed  most 
to  the  fame  of  the  Red  River  Valley  as  a  wheat-growing  district. 
As  developed  in  this  area,  it  seems  especially  well  adapted  to  this 
crop,  although  in  the  Central  West  it  is  considered  a  typical  corn 
soil,  much  less  desirable  for  wheat  than  some  of  the  prairie  types. 
The  rigorous  climate  of  the  Red  River  Valley  is  less  suited  to  the 
production  of  corn  than  of  wheat,  and  this  fact  has  tended  to  limit 
the  use  of  the  Miami  black  clay  loam  to  wheat  production. 

The  extensive  development  of  the  Miami  black  clay  loam  in  the 
valley,  its  gener.illy  smooth  surface  and  good  drainage,  all  favor  Itie 
most  extensive  methods  of  farming,  and  there  are  probably  no  wheal 
farms  in  the  world  larger  than  those  found  in  the  Red  River  Valley. 

The  production  of  corn  on  this  t\pe  is  increasing,  and  it  is  thought 
that  ultimately  an  carly-ripcning  variety  will  be  established  and  the 
risk  of  damage  from  freezing  reduced  to  such  a  degree  tliat  corn  will 
form  an  important  crop  of  the  area.  Large  yields  of  Irish  potatoes 
can  be  produced  on  this  type,  but  this  crop  is  at  present  grown  only 
for  home  consumption. 

The  following  table  gives  mechanical  analyses  of  typical  samples 
of  this  soil : 

MECHANICAL  ANALYSES  OF   MIAMI  BLACK  CLAY  LOAM 
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MIAMI  LOAM. 

The  Miami  loam  is  composed  of  about  31)  inches  of  heavy,  rich 
(lark-brown  loam,  somewhat  similar  in  texture  to  the  surface  material 
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of  the  Miami  black  clay  loam,  grading  without  a  perceptible  change 
of  texture  into  a  grayish-yellow  clay  loam  or  clay.  Below  the  third 
foot  the  soil  retains  the  yellowish  color,  and  sometimes  becomes  a 
trifle  sandy.  Iron  oxides  are  often  present  in  the  lower  depths  and 
crystalline  gypsum  is  frequently  found  in  the  second  and  third  foot. 

This  type  includes  an  area  from  lyi  to  2  miles  wide,  extending  in 
a  northeast-southwest  direction  along  the  eastern  border  of  the 
distinct  beach  which  passes  through  Wheatland.  It  is  bordered  on 
the  east  by  the  Miami  black  clay  loam.  The  area  covered  by  this 
type  slopes  gently  toward  the  east,  the  inclination  being  sufficient  to 
insure  good  drainage.  This  fact,  together  with  the  richness  of  the 
soil  and  its  somewhat  porous  nature,  makes  it  one  of  the  most 
desirable  types  in  the  Red  River  Valley.  It  can  be  seeded  or 
planted  irrespective  of  wet  weather,  and  the  porous  nature  of  the 
soil  allows  the  moisture  below  to  rise  by  capillarity  in  times  of 
drought. 

With  the  exception  of  a  few  spots,  this  type  carries  less  than  the 
minimum,  0.20  per  cent,  of  alkali  in  the  first  3  feet.  The  alkali 
content  increases  in  the  lower  depths,  but  is  not  high  enough  to 
injure  plants  in  any  of  the  first  6  feet.  The  few  spots  where  the 
injurious  salts  are  found  in  excess  are  close  to  the  sand  beach  form- 
ing the  western  boundary  of  the  type,  and  seem  to  be  due  to  saline 
springs  which  ooze  out  of  the  sand  and  gravel.  With  the  exception 
of  a  narrow  strip  in  sees.  3  and  10,  Gill  township,  these  areas 
were  not  large  enough  to  be  shown  on  a  map  of  the  scale  used. 
They  usually  range  from  a  few  square  rods  to  2  acres  in  extent. 

The  typical  areas  of  the  soil  are  well  adapted  to  wheat,  oats, 
barley,  corn,  millet,  and  flax.  During  dry  seasons  the  crops  suffer 
to  some  extent  from  the  effects  of  alkali. 

The  following  table  shows  the  texture  of  the  soil  and  subsoil  of 
this  type: 
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MARSHALL   GRAVELLY    LOAM. 


The  Marshall  gravelly  loam  is  composed  of  about  12  inches  of 
heavy  black  sandy  loam,  underlain  by  2  feet  of  coarse  gravel  resting 
on  a  coarse  sand  extending  to  a  depth  of  6  feet  or  more.  The  most 
abundant  rock  constituent  of  the  gravel  is  limestone.  There  are 
also  present  considerable  quantities  of  granite  and  other  crystalline 
rock  fragments,  and  a  few  fragments  of  Cretaceous  shale. . 

The  type  represents  beaches  formed  during  the  recession  of  glacial 
Lake  Agassiz.  These  beaches  cross  the  area  in  fairly  well  defined 
lines  in  a  northeast-southwest  direction.  In  places  they  are  broken 
down  or  obliterated,  while  in  other  places  they  appear  like  escarp- 
ments of  glacial  till  modified  by  the  action  of  water.  In  some 
places  there  are  considerable  quantities  of  large  glacial  bowlders 
strewn  over  the  surface,  but  these  are  not  numerous  enough  to 
seriously  interfere  with  cultivation,  and  in  most  areas  they  have 
been  gathered  into  piles.  Where  the  railroads  cut  these  beaches, 
large  quantities  of  sand  and  gravel  have  been  taken  out  for  use 
along  the  tracks.  The  materials  are  also  used  throughout  the  coun- 
try for  building  purposes. 

Except  in  very  wet  seasons  the  crop  yields  on  this  type  are  very 
light,  owing  to  the  excessive  drainage  resulting  from  the  gravelly 
nature  of  the  subsoil.  The  areas  occupied  by  this  type  are  narrow, 
onially  no  more  than  60  rods  wide. 
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The   following   table   gives   the   mechanical   analyses   of   typical 
s;iinples  of  fine  earth  of  this  soil : 

MECHANICAL  ANALYSES  OF  MARSHALL  GRAVELLY  LOAM 
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MARSHALL    LOAM. 

The  soil  of  the  Marshall  loam  consists  of  a  dark-colored  loam 
which  gra:lcs  into  gra>'i.sli-brown  loam  at  about  8  inches  below  the 
surface.  This  is  underlain  by  a  gray  silt  or  clay  loam  or  clay  con- 
taining some  grit  and  reaching  to  a  depth  of  4  feet.  Below  the 
fonrth  foot  the  texture  remains  the  same,  but  the  color  changes 
from  grayish  to  yellowish.  Below  the  second  foot  the  materials  are 
very  similar  to  those  occupying  the  corresponding  section  of  Miami 
black  clay  loam. 

This  soil  occupies  the  plateau  area,  extending  in  a  northeast- 
southwest  direction,  in  a  body  about  3  miles  wide,  across  Wheat- 
land ani  Gill  township.  It  is  bounded  on  the  east  by  an  ancient 
beach  and  on  the  west  by  the  gently  rising  area  occupied  by  the 
sandier  type  of  soil,  the  Wheatland  sand.  Some  of  it  is  in  a  slight 
depression,  but  the  porosity  of  the  subsoil  and  the  good  natural 
dr.iinage  make  it  desirable  fnr  all  farm  crops.  It  is  a  little  more 
subject  to  <lronght  than  the  Miami  loam.  The  chief  distinctions  be- 
tween the  Marsha!!  loam  and  the  Miami  loam  are  that  the  latter  has 
a  deeper  soil  and  .is  not  so  subject  to  drought.  The  crops  yield  a 
little  better  .ilso,  and  altogether  the  Miami  loam  is  recognized  as  the 
more  desirable  type.     Along  the  western  edge  of  the  Marshall  loam 
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area,  Avhere  it  comes  in  contact  with  the  Wheatland  sand,  there  are 
several  patches  of  ground,  usually  not  more  than  a  few  square  rods 
or  at  most  a  few  acres  in  extent,  upon  which  oats,  wheat,  corn,  flax, 
and  other  crops,  after  germinating  and  beginning  an  apparently 
healthy  growth,  are  soon  dwarfed  and  killed,  while  the  closely  ad-  ' 
joining  crops  present  a  healthy  and  vigorous  appearance  and  on  ma- 
turing give  a  satisfactory  harvest.  These  spots  are  usually  moist,  and 
in  dry  weather  a  considerable  crust  of  alkali  can  be  seen.  They  are  in 
the  lower  places,  and  where  the  underlying  glacial  till  is  only  a  short 
distance  below  the  surface  and  are  caused  by  the  rise  of  the  alkaline 
waters  from  the  glacial  till  and  the  accumulation  of  the  salts  on 
the  surface  by  evaporation.  A  field  analysis  of  the  soils  in  these 
spots  shows  that  the  chlorides  predominate,  but  that  considerable 
quantities  of  sulphates  and  some  bicarbonates  are  also  present. 

Til  is  soil  owes  its  origin  partly  to  the  transportation  of  fine  sand 
from  the  higher  lying  Wheatland  sand  to  the  westward  and  partly  to 
the  overwash  of  the  beach  to  the  eastward  during  recession  of  the 
glacial  lake.  A  little  crystalline  g>'psum  is  found  in  some  of  the 
areas,  usually  not  far  beneath  the  surface,  while  at  lower  depths  iron 
oxides  are  usually  present. 

The  Marshall  loam  is  recognized  as  a  good,  safe  soil,  regardless  of 
wet  or  dry  seasons.  It  is  a  better  soil  for  all  farm  crops  than  any 
t>"pe  in  the  area  farther  wTSt,  but  the  yields  are  not  quite  as  large  as 
on  such  types  as  the  Miami  loam  and  the  Miami  black  clay  loam, 
which  have  heavier  subsoils.  On  the  other  hand,  it  is  more  easilv 
worked.  It  is  w^ell  adapted  to  wheat,  oats,  barley,  corn,  flax,  Irish 
potatoes  and  truck  crops. 

The  following  table  gives  the  mechanical  analyses  of  typical  sam- 
ples of  this  soil: 
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WHEATLAND   SAND, 


The  Wheatland  sand  is  composed  of  from  twelve  to  eighteen 
inches  of  a  medium  fine  dark-brown  sand,  which  is  underlain  Tjy 
grayish -ye!  low  sand  of  the  same  texture  to  a  depth  of  three  feet. 
Below  this  depth  the  sand  becomes  coarser  and  yellower.  At  about 
six  feet  the  material  is  often  a  clay  loam  of  grayish -yellow  color, 
containing  a  considerable  quantity  of  iron  oxides.  The  underlying 
glacial  till  is  often  reached  in  deep  borings. 

This  soil  occupies  an  area  from  three  to  four  miles  wide,  extend- 
ing across  the  area  in  a  north  east -south  west  direction  through 
Wheatland,  Gill  and  Howes  townships.  It  is  bounded  on  the  west 
by  the  extreme  eastern  limit  of  the  shore  of  glacial  Lake  Agassiz 
and  on  the  east  by  areas  of  the  Miami  and  the  Marshall  loams, 
I-"roin  the  'eastern  to  the  western  edge  of  this  area  there  is  a  rise  of 
about  ]00  feet,  so  that,  with  the  exception  of  two  narrow  strips 
along  the  old  lake  shore,  extending  across  sections  11  and  14  in 
Howes  township,  the  entire  area  is  well  drained.  These  two  low, 
marshy  places,  which  are  a  little  below  the  natural  avenues  of  drain- 
age, are  covered  with  water  until  late  in  the  season,  but  furnish 
excellent  pasture  and  hay  meadows.  In  both  of  these  marshes  the 
soil  and  subsoil  are  of  a  more  silty  nature  than  in  the  rest  of  the 
type. 
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The  Wheatland  sand  was  formed  by  wave  action,  in  shal 
ter,  during  the  recession  of  the  ancient  lake.  Throughout 
are  several  low  beaches,  often  only  a  few  feet  high,  and  i 
crests  of  these  beaches  the  soil  is  usually  too  loose  and  san 
of  value  under  the  present  conditions  of  agriculture.  ,This 
the  lightest  soil  in  the  Fargo  area  and  needs  much  rain  t 
fairly  good  crops.  The  crops  are  sometimes  blown  out  b; 
winds. 

With  the  exception  of  some  limited  areas  along  the  easten 

of  this  soil,  it  is  freer  from  alkali  than  any  of  the  other  soi 

limited  areas  already  mentioned  are  closely  associated  with  t 

spots  referred  to  in  the  description  of  the  Marshall  loam, 

confined  to  the  lowest  portions  of  sections  28,  32  and  33,  W 

township.     A  field  analysis  of  soil  from  these  ■  spots   shov 

tli€y  contain  injurious  quantities  of  both  bicarbonates  and  c 

In  growing  wheat  this  soil  usually  produces  a  good  gr 

straw,  but  the  plants  do  not  head  well  and  the  yield  is  ligh 

^v«ll  adapted  to  pasture  and  grazing. 

The  following  table  shows  the  texture  of  typical  sample: 
^arth  of  this  soil : 
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The  Wheatland  sandy  loam  is  composed  of  alxjut  fourteei 
of  dark-brown  sandy  loam,  underlain  by  a  loam  which  at  a  < 
six  feet  or  more  rests  upon  a  grayish-yellow  or  yellow  gla 
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Throughout  the  subsoil  occur  small  rock  fragments,  varying  froi 
the  size  of  a  pea  to  that  of  an  egg.  In  the  second  and  third  fe< 
gypsum  often  occurs,  and  in  lower  depths  concretions  of  iron  oxi( 
are  usually  present.  Often  the  surface  is  strewn  with  gravel,  esp^^ 
cially  on  the  crests  of  the  prairie  swells.  Glacial  bowlders  of  lime^^-^i^ 
stone,  granite,  gneiss  and  schist  are  abundant  in  places,  though  ncczi>-^^c 
usually  in  sufficient  quantities  to  interfere  with  cultivation. 

This  type  is  found  in  the  extreme  western  part  of  the  area  outf  M^^t 
side  the  limits  of  the  territory  once  covered  by  Lake  Agassiz.  H  I 
extends  westward  past  Buffalo,  where  the  surface  becomes  more  un^"*^  ^n 
dulating.  There  is  a  gradual  rise  of  about  twenty  feet  to  the  mil»  K  ^^< 
toward  the  west,  and  the  drainage  is  better  than  elsewhere  in  th»  ^"^ic 
area.  In  places  there  are  many  swales  and  kettle  holes,  with  knoll  M  ^k 
and  hills  rising  above  them.  Some  of  these  places  are  filled  witK^  ^^'' 
water  the  year  roun-l ;  others  have  a  thick  deposit  of  muck.  Non< 
however,  were  large  enough  to  be  shown  in  a  map  of  the  scale  use< 
most  of  them  being  only  an  acre  or  two  in  extent. 

No  injurious  amounts  of  alkali  were  found  in  either  soil  or  sub-  - 
soil  to  a  depth  of  three  feet,  but  several  six-foot  and  nine-foot  bor^ — 
ings  were  made,  and  in  these  lower  depths  the  alkali  is  sometime^ 
found  in  considerable  quantities.  A  few  low  spots  contain  so  muchw 
alkali  that  nothing  will  grow,  but  these  spots  are  usually  not  more 
than  one  or  two  rods  across. 

^^'hen  the  dry  season  is  not  too  long  the  Wheatland  sandy  loam 
is  a  fairly  desirable  soil  for  general  farming,  as  both  soil  and  sub- 
soil are  of  such  a  texture  as  to  retain  moisture  well  and  to  supply 
it  to  growing  crops  in  time  of  drought.  The  soil  varies  according 
to  location.  On  the  crests  of  the  prairie  swells  it  is  somewhat  more 
sandy  and  gravelly  than  in  the  depressions,  where  the  texture  is  de- 
cidedly more  loamy.  The  soil  in  the  lower  places  is  regarded  as 
more  desirable  when  the  season  is  not  too  wet. 

This  type  is  made  up  wholly  of  glacial  till  and  is  esteemed  a 
stronger  and  safer  soil  than  the  Wheatland  sand.  But,  like  the  lat- 
ter, considerable  of  it  is  still  unbroken  and  is  used  only  for  the  pro- 
duction of  wild  hay  and  as  pasture.  This  type  produces  fair  crops 
of  wheat,  oats,  flax,  barley  and  corn.  In  the  more  loamy  places  it 
is  found  to  be  remarkably  well  adapted  to  Irish  potatoes  and  other 
root  crops. 
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The  following  table  shows  the  texture  of  the  fine  earth  of  soil  and 
s.'ubsoil  as  determined  by  mechanical  analysis: 

MECHANICAL  ANALYSES  OF  WHEATLAND  SASDV  LOAM 
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DRAINAGE. 

The  most  important  problem  in  the  Red  River  valley  and  the  one 
m  which  the  farmers  are  taking  the  keenest  interest,  is  the  problem 
of  drainage.  Westward  from  the  Red  River  to  the  Maple  River,  in 
a  distance  of  fifteen  miles  there  is  only  a  difference  of  three  feet  in 
elevation.  There  are  approximately  25,000  acres  of  land  in  this 
area  upon  which  the  water  from  the  melting  snow  often  does  not 
run  off  or  soak  into  the  ground  soon  enough  to  permit  seeding  at 
the  proper  time  in  the  spring.  The  subsoil  is  heavy,  gummy,  and 
in^ervious  to  water.  This,  together  with  the  fact  that  the  frost 
line  is  from  five  to  eight  feet  below  the  surface,  would  make  un- 
derdrainage  very  difficult,  if  not  impossible.  Some  farmers  "mud 
in"  their  crops;  others  are  not  able  to  do  even  this,  the  land  being 
so  soft  that  it  is  unsafe  to  put  teams  on  it.  "Mudding  in"  crops  is 
xer}'  im satisfactory,  because  after  it  is  done  the  fjround  bakes  so 
liard  that  a  great  deal  of  the  seed  never  comes  up,  or  is  "choked  off" 
after  it  <Ioes  come  up. 

In  seeding  time  after  a  copins  rain  all  farm  operations  have  to  be 
postponed  from  a  week  to  ten  days,  while  tlie  water  gradually  soaks 
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into  the  ground  or  slowly  drains  oflF.  The  seriousness  of  all  this  is  - 
more  fully  realized  when  one  takes  into  account  the  shortness  of  the 
growing  season  in  North  Dakota,  and  also  when  one  sees  the  disas- 
trous effects  of  standing  water  upon  growing  crops.  In  the  area 
under  discussion,  under  the  present  imperfect  conditions  of  drain- 
age, it  is  only  about  one  year  in  five  that  paying  croys  are  harvested. 
It  should  be  kept  in  mind  that  these  wet  areas,  indicated  on  the  soil 
map  as  the  Fargo  clay,  are  not  altogether  unproductive,  but  under 
favorable  conditions  produce  the  largest  yields  of  grain  of  any  soil 
type  in  the  Red  River  valley.  But  the  uncertainty  of  yield  has  led 
to  the  abandonment  of  these  lands  by  most  of  the  original  owners, 
and  at  present  it  is  often  impossible  even  to  find  tenants  willing  to 
cultivate  them.  The  few  houses  in  this  region  are  tumbling  down, 
the  yards  are  growing  up  to  weeds,  and  the  general  appearance  of 
things  is  in  marked  contrast  with  the  prosperous  appearance  of  the 
farms  on  the  adjacent  higher  lying  and  better  drained  areas,  indi- 
cated on  the  soil  map  as  the  Marshall  clay.  An  unfortunate  fea- 
ture is  that  these  lands  are  upon  the  market  for  speculative  purposes 
and  are  quoted  as  high  as  the  best  lands  adjoining.  The  unac- 
quainted buyer  who  comes  into  the  country  with  an  honest  intention 
of  making  it  his  home  is  often  deceived,  being  led  to  believe  that 
all  Red  River  valley  land  is  the  same. 

There  are  several  causes  for  the  present  unfavorable  condition  of 
drainage  in  the  Red  River  valley,  the  principal  ones  being  the  level- 
ncss  of  the  country  and  the  lack  o.f  fall  in  the  Red  River  itself.  It 
sliould  be  kept  in  mind,  too,  that  the  river  flows  north,  and  conse- 
quently the  difference  in  time  when  the  ice  breaks  up  in  its  lower 
and  its  upper  courses  tends  to  hold  the  water  back.  Another  thing 
which  checks  the  flow  of  the  stream  is  the  crookedness  of  its  chan- 
nel. As  a  result,  the  river  rises,  backs  up  its  tributaries  and  fre- 
quently the  latter  overflow  their  banks  and  flood  the  fields. 

( )bviously,  man  can  not  regulate  the  periods  at  which  the  ice 
breaks  up  in  the  lower  and  upper  courses  of  the  Red  River,  nor 
would  it  be  practicable  to  attempt  to  deepen  the  channel ;  but  enough 
remains  to  be  done  to  greatly  improve  the  present  conditions,  and 
the  fertility  and  importance  of  the  region  to  be  benefited  warrants 
the  cxinnditure  of  a  large  sum  of  money.  For  example,  where  the 
channel  is  so  crooked  and  meandering  as  to  retard  the  river's  flow, 
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t  could  be  straightened  so  as  to  give  the  water  a  free  course.    An- 
ther important  move  in  the  control  of  the  river,  and  one  which  has 
YDtcn  under  consideration  for  some  time,  is  the  construction  of  a 
storage  reservoir  in  its  upper  course.    During  the  spring  freshets, 
and  until  after  the  ice  had  broken  up  along  the  international  bound- 
ary line  and  beyond,  this  could  be  used  to  retain  the  water,  which 
could  then  be  let  off  gradually. 

The  most  practical  scheme,  however,  and  the  one  which  would  be  of 
immediate  and  probably  of  permanent  relief,  would  be  the  construc- 
tion of  deep  canals  from  the  rivers  to  the  undrained  areas.  In  this 
matter  the  consideration  of  most  vital  importance  is  whether  the 
fall  between  the  undrained  areas  and  the  rivers  is  sufficient  to  carry 
off  the  water  in  case  canals  are  constructed.  From  observations 
made  during  the  survey  and  from  an  examination  of  .the  records  of 
previous  years'  floods  the  conclusion  is  that  such  a  scheme  is  en- 
tirely feasible.  The  main  reason  why  drainage  by  this  means  has 
not  been  successfully  established  in  the  past  is  that  it  is  too  big  an 
undertaking  for  private  persons  and  needs  state  or  national  aid. 

The  record  of  the  stages  of  the  Red  River  at  Fargo  show  that 
during  the  month  of  April  the  mean  height  of  the  river  is  approxi- 
mately thirty  feet  below  the  level  of  the  prairie.    The  undrained 
areas  arc  from  two  to  four  miles  west  of  the  river,  so  that  this  would 
give  a  fall  of  from  seven  to  ten  feet  per  mile.     It  is  believed  that  this 
is  sufficient  provided  the  canal  were  about  twenty-five  feet  wide  and 
fifteen  feet  deep.    In  this  connection  it  might  be  well  to  state  that 
the  water  table  in  this  part  of  the  Red  River  vallev  is  about  twentv- 
two  feet  below  the  surface,  so  that  there  is  no  danger  of  encounter- 
ing it  in  a  fifteen  foot  canal.     Along  the  Sheyenne  river,  in  the 
vicinitv  of  Haggart,  the  conditions  at  first  sight  do  not  seem  so 
favorable,  because  the  mean  height  of  the  river  during  the  month  of 
-April  is  only  about  eight  feet  below  the  level  of  the  prairie,  but  as 
the  undrained  area  east  and  west  of  the  river  is  only  from  1  to  2 
miles  off,  this  gives  nearly  as  great  an  average  fall  per  mile  as  in 
the  area  near  the  Red  River.    A  canal  dug  from  the  Sheyenne  at 
Haggart  directly  west  for  three  miles  to  the  large  coulee  would  not 
only  drain  the  wet  area  directly  west  of  the  river,  but  by  deepening 
the  coulee  which  goes  southwest  into  Durbin  township  the  large  wet 
area  in  the  vicinity  of  Durbin  would  also  be  drained. 
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■  The  chief  purpose  of  these  canals  would  not  hz  to  carry  off  th< 
water  of  spring  freshets,  but  to  furnish  a  reaciy  outlet  for  the  wate 
which  accumulates  in  these  low  places  after  heavy  rains.  In  th< 
higher  lying  areas,  indicated  on  the  soil  map  as  the  Fargo  clay 
there  is  a  road  along  every  sectiori  line  and  a  ditch  on  each  sid- 
of  the  roads.  After  a  heavy  rain  the  water  of  these  areas  find 
a  ready  outlet  through  the  ditches,  and  often  this  water  accumu 
lates  in  the  lower  areas,  converting  them  into  sheets  of  wate 
and  drowning  out  the  crops.  By  the  construction  of  canals  th< 
waters  of  the  higher  areas  would  be  afforded  a  direct  course  t< 
the  rivers.  Then  by  the  construction  of  roads  and  ditches  alon| 
all  the  section  lines  of  the  low,  wet  areas  the  rain  water  wouh 
have  a  free  course  through  the  ditches  and  canals  into  the  river: 
also.  It  has  been  demonstrated  by  the  experiments  on  th< 
college  farm  at  Fargo  that  the  first  requisite  in  reclaiming  the  low 
wet  lands  is  drainage,  and  that  then  by  deep  plowing  and  carefu 
methods  of  cultivation  the  "gumbo"  properties  of  this  soil  graduall} 
disappear. 

ALKALI   IN   SOILS, 

All  the  soils  of  the  area  contain  some  alkali  either  in  the  soil,  th< 
subsoil,  or  in  still  lower  depths.  The  "gumbo"  areas  and  an  arcc 
of  low,  sandy  country  west  of  Wheatland,  occupied  by  the  Wheat- 
land sand  and  the  Marshall  loam,  are  the  only  areas  which  contair 
injurious  amounts  of  alkali  in  the  first  three  feet. 

It  was  found  that  in  the  "gumbo"  or  Fargo  clay  areas  the  surface 
foot  was  comparatively  free  from  alkali,  while  in  the  sandy  area. 
referred  to  above,  the  injurious  alkali  was  either  upon  or  near  the 
surface.  This  was  found  to  be  due  to  the  fact  that  in  the  case  of 
"gumbo''  there  is  no  percolation  upward  of  soil  moisture  because 
the  soil  is  too  impervious,  and  hence  there  could  be  no  concentration 
near  the  surface  by  evaporation.  In  dry  weather  the  surface  of  the 
heavy  soil  bakes  and  cracks  up  into  irregular  pieces.  In  the  case  of 
the  sandy  area  the  water  table  is  only  from  six  to  fifteen  feet  below 
the  surface ;  sufficiently  near  for  capillary  forces  to  bring  the  under- 
ground water  to  the  surface.  The  worst  alkali  conditions  were 
found  where  the  water  table  was  nearest  the  surface  and  where  the 
soil  was  also  sandy  and  porous.  Wells  in  this  vicinity  are  com- 
monly so  alkaline  that  the  water  can  not  be  used  for  drinking  pur- 
poses. 
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Fair  crops  were  seen  f^rowing  upon  the  Fargo  clay  when  the  aver- 
sifcji'  for  the  first  three  feet  was  as  high  as  ..'^')  ixt  cent  alkaH.  but 
'vvith  the  greater  amounts  in  tlie  second  and  third  feet,  while  in  the 
-^^iaiKly  area  west  of  Wheatland  the  grain  was  killed  wdien  the  aver- 
xnj2;e  h)v  the  first  tliree  feet  was  only  .'iO  per  cent  alkali,  but  with  a 
mirnncentratinn  in  the  first  two  or  three  inches. 

Injury  fmni  alkali  is  very  largely  a  matter  of  seasons.  If  it  hap- 
-jicns  to  1)0  wet  at  seechng  time  and  continues  so  until  the  crops  get 
a  jrfHid  start  there  is  aj)]xirently  no  injury.  On  tin*  same  piece  of 
ijruund  tile  crojjs  may  be  enlirrly  killed  the  next  year  if  the  si)il  is 
Very  drv  at  ^vediuq'  time  and  the  alk<;Ii  is  c-  Uv'entrate  1  near  lb-."  sur- 
face. 

In    tlie   c.'i'ie   nf   tin*    Marshall    dav   the   alkali   content   q-raduallv 

iiKTeased  dnwnwanl  tn  six  iVet,  with  apparently  no  concentration  in 

any  particular  foot  section,  while  in  the  case  of  the  sandy  soils  west 

of  Wlieatlantl   the   alkali   content   decreased  imtil    there   was  often 

aiircjst  n<-ne  at  nine  feet.     .\'(i  Ir. :riui^s  wer-  ma'.le  ileeper  than  nine 

feet.     In  the  higher  lying  areas  of  the  Wheatland  sand,  where  the 

Water  table  was  far  below  the  surface,  the  soil  w-as  often  free  from 

alkali,  and  only  a  very  little  was  fnun<l  in  the  lower  dej^ths  of  the 

subsoil.     In  all  other  tyjx-s  in  the  area  the  alkali  content  invariably 

increased  in  the  dee[)er  subsoil. 

There  seems  tr)  be  no  relation  between  the  pro])ortion  of  alkali 
ill  the  soils  and  in  the  water  of  wells.  excei)t  when  the  soils  are  verv 
Porous,  as  in  the  case  of  Wheatland  sand,  and  the  water  table  is 
<"Mily  a  feu-  feet  belr)w  the  surface. 

Along  the  foot  oi  the  old  beach  which  passes  through  Wheatland 

there  are  several   ^mall  sjiots  whiv'li  are  so  badly  alkaline  that   the 

<"ri.iis  u^i\'iHv  "'bHrn  <»iit."     <  h\\\-  i»ne  <»f  tlie^e  siH)ts  was  lar«ri'  enouirli 

tr)  map  '.n  the  seali-  u>c<l.     Tlie^e  sp'its  are  the  result  <>f  the  seepage 

I'ndt  r  ihe  pr-.-sent  nul!]<'<!<  mi"  fiirming.  where  land  is  s. »  j'liniiful 

-ind  wh.i-re  ever\ thing  is  di-ue  rn  such  a  large  scale,  the  alkali  will 

never  he  a  ^■.rinH's  ])nib;e'n.      \«  thing  has  ever  lu-i-.i  cl. -iv  [.,  r-mov.? 

frMin  rd.krdi  springs  at  the  bottom  of  tjir  d].!  b/ach. 

»l.  and   \ery  little   is  said,   or  tlmught   ab:'Ut   it.     The  all-imjxM'lant 

*"|iiestion   over   most   oi   tin-  a^'ea.  and   the  (iuesti<»n   which    is  beintr 

^^-rinnsly    considered,   is   Iniw    to   drain   the   low,    ilat   1,'ukIn   in    the 

vicinitv  '>f  the  .^he\enne  and  \\ci\  rivers. 


.Alt.  »'"'.  Surv 


■/ 
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AGRICULTURAL  METHODS. 

The  early  settlers  of  Ihe  Red  River  Valley  were  surrounded  by 
conditions  very  different  from  those  in  almost  any  other  part  of  the 
country.  There  were  no  rocks  to  be  removed  and  no  forests  to  be 
cleared.  The  settler  had  sim])ly  to  build  his  sod  house  an-1  barn, 
turn  up  the  rich,  level  prairie  soil,  and  sow  his  seed. 

When  the  special  adaptation  of  the  valley  for  wheat  became  known 
the  region  leaped  into  prosperity,  and  the  land  values — a  few  dollars 
an  acre  a  generation  ago — have  steadily  increased  to  an  averag^e  of 
$'55  an  acre  at  the  present  time.  No  other  portion  of  the  country 
could  compete  in  wheat  production  with  this  region,  because  of  the 
cheapness  with  which  this  crop  could  be  produced  and  the  vast  scale 
upon  which  it  was  grown.  The  gradual  extension  of  the  wheat- 
growing  region  to  other  portions  of  the  northwest  and  the  low  er 
Canadian  provinces  has  made  the  supply  greater  and  the  prices 
lower.  The  continual  growing  of  wheat  for  twenty  years  has  in 
most  places  decreased  the  yield  from  the  soil  about  one-half.  These 
conditions  are  forcing  the  farmers  of  the  region  to  adopt  better 
methods. 

Since  its  introduction  flax  has  been  one  of  the  most  profitable 
crops  in  the  area,  and  especially  so  upon  new  land.  It  has  been  so 
profitable  that  farmers  have  been  known  to  pay  for  their  farms  with 
l)rofits  frcini  two  crops.  During  the  past  few  years,  however,  the 
crop  has  been  seriously  affected  by  a  fungous  disease  popularly  known 
as  "flax  wilt.'*  The  disease  has  been  studied  at  the  experiment  sta- 
tion at  Fargo,  and  the  experiments,  together  with  a  study  of  the 
conditions  in  other  flax-growing  countries,  show  that  the  plant  can 
not  be  profital)ly  produced  year  after  year  upon  the  same  land. 

The  spread  of  the  disease  to  new  lands  can  be  avoided  by  the 
selection  of  healthy  seed  and  by  the  treatment  of  all  seed  with  a 
solution  of  formaldehyde.  As  yet  no  method  has  been  found  to  do 
away  with  the  fungi  after  the  soil  has  been  infected.  In  Russia  and 
Belgium,  where  the  plant  is  extensively  grown,  a  period  of  from 
seven  to  twelve  years  is  necessary  between  the  crops  if  this  disease 
is  to  be  avoided.  Crops  in  closer  succession  become  wholly  worth- 
less on  account  of  the  disease. 

A  considerable  revenue  is  now  obtained  from  the  sale  of  flax 
straw,  where  formerly  it  was  burned  after  threshing.  The  farmers 
haul  the  straw  to  the  mill  at  Amenia,  or  at  Fargo,  where  it  brings 
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5f>"i  a  ton.  It  is  drawn  to  market  in  the  winter  when  the  roads  are 
liard  and  at  a  time  when  farmers  have  little  else  to  do.  The  mills 
dispose  of  their  product  in  the  east,  where  it  is  used  larj:^ely  in  the 
manufacture  of  paper. 

During  the  last  two  or  three  years  macaroni  wheat  has  been  grown 
to  some  extent;  and,  although  the  price  is  lower  than  that  for  the 
standard  varieties  grown  in  the  area,  the  fact  that  the  yield  is  about 
one-third  larger  is  making  the  variety  popular. 

On  the  loamy  types  of  soil  where  the  drainage  conditions  are 

:favorahle  Irish  potatoes  do  remarkably  well,  sometimes  yielding  as 

liigh  as  '^M)()  bushels  per  acre.     As  yet  tlicy  are  grown  only  to  supply 

local  markets,  though  a  few  shipments  have  been  madc^  to  southern 

states  for  use  as  seed. 

The  climate  and  soil  is  well  fitted  to  the  production  of  nearly  all 
kinds  of  late  vegetables.  Celery  does  very  well,  and,  judging  from  a 
few  sugar  beets  grown  in  gardens,  it  would  seem  that  there  is  a 
good  opportunity  for  the  introduction  of  that  industry. 

Strawberries,  gooseberries,  raspberries,  and  currants,  provided 
they  are  sheltered  from  the  winds  by  hedges  of  golden  Russian  v/!l- 
low,  Norway  spruce,  soft  maple,  poplar,  or  in  fact  any  kind  r>f 
tree  that  will  endure  the  climate,  can  be  profitably  produced.  There 
is  no  one  thing  which  is  needed  more  or  which  w^ould  be  of  more 
value  to  the  area  than  trees.  Along  the  Sheyentie  river  in  tlie 
vicinity  of  Haggart,  where  there  are  many  large  native  trees,  the 
weather  in  wdnter  is  much  milder.  In  the  midst  of  these  trees  a  few 
apples  and  plums  are  being  successfully  grown,  largely  because  the 
young  trees  are  protected  from  the  cold  winds  and  the  blossoms  are 
not  blown  oflf  in  the  spring. 

Corn  has  been  introduced  and  acclimated  to  the  short  growing 
season,  and  is  now  one  of  the  imi)ortant  crops  of  the  area.  It  is 
iirually  rotated  with  wheat,  the  latter  pro'luclng  greater  yields  and 
being  freer  from  weeds  if  sown  after  the  cultiva\od  crop  of  corn. 

Throngrout  the  area  there  is  a  general  lack  of  ziiro  in  plowing  and 
in  preparing  the  seed  bed.  Plowing  is  usually  very  shallow,  and 
this  has  decreased  the  productiveness  of  the  soil.  The  practice  of 
plowing  a  little  deeper  every  third  or  fourth  year  and  bring  up  an 
inch  or  so  of  the  new  soil  to  the  surface  to  be  acted  upon  bv  the 
weather  and  soil  bacteria,  is  the  most  satisfactory  method.  It  is 
best  to  plow  in  the  fall  and  harrow  immediately,  so  as  to  fill  up  the 
large  air  spaces  and  prevent  the  furrow  splice  from  drying  out.     If 
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this  is  done,  the  soil  will  settle  clown  sufficiently  during  the  winter 
and  spring  months  to  establish  good  capillary  connection  with  the 
subsoil. 

No  commercial  fertilizer  has  ever  been  used  in  the  area,  and  here- 
tofore the  opinion  has  prevailed  that  barnyard  manure  was  more 
injurious  than  Deneficial  to  crops.  Where  coarse  manures  are- 
turned  under  thev  often  have  a  tendency  to  make  the  soil  too  drv. 

»  ^  m 

When  well-rotted  manures  were  turned  under  they  often  had  a  ten- 
dency to  make  the  growth  of  straw  so  large  that  it  would  lodge  be- 
fore harvesting.  During  the  last  few  years,  however,  it  is  found 
that  crops  are  greatly  benefited  if  well-rotted  manure  is  spread  on 
the  plowed  ground  in  the  fall  and  allowed  to  remain  there  all  winter. 
It  is  often  advisable  to  rake  up  and  burn  the  coarse  litter  in  the 
spring  at  seeding  time.  A  great  deal  of  manure  in  the  area  is  still 
wasted,  as  formerly,  by  being  dumped  into  the  sloughs  or  drawn  out 
in  piles  and  burned. 

AGRICULTURAL  CONDITIONS. 

The  chief  resources  of  the  area  are  found  in  its  very  ])roductive 
soil,  especially  as  adapted  to  the  production  of  grain.  On  the  better 
types  of  soil  and  where  the  farmers  have  paid  attention  to  business 
most  of  them  have  become  independently  wealthy.  In  most  cases 
they  came  into  the  country  when  it  was  new  and  either  acquired 
their  lands  from  the  government  as  homesteads  or  purchased  them 
cheaply  from  other  settlers  who  had  thus  obtained  theuL  A  large 
part  of  their  present  wealth,  therefore,  has  not  been  made  oflF  the 
land  itself,  but  on  the  natural  increase  of  land  values,  which  have 
steadily  increased  from  a  few  dollars  to  about  %'.\'^>  an  acre  at  the 
present  lime,  with  a  probability  of  still  higher  value  in  the  future. 

A  very  few  of  the  farms  are  owned  by  i)ersons  who  spend  no  part 
of  the  year  in  North  Dakota,  but  leave  their  j)roperty  in  the  hands 
of  agents  for  speculative  purposes  or  rent  them  for  cash  or  on  shares 
to  farming  tenants. 

^Jost  of  the  farms  originally  contained  Kio  acres,  although  a  few 
were  as  large  as  -ISi)  acres.  The  large  farms  were  generally  ac- 
quired by  purchasing  from  railroad  corj)orations  the  odd  numbered 
alternate  sections  given  to  them  by  the  government  as  a  subsidy  to 
foster  their  early  enteq^rise.  In  order  to  form  a  compact  tract  the 
intervening  j)ortions  were  often  purchased  frgm  settlers,  so  that  at 
present  the  size  of  holdings  ranges  from  eighty  to  30,000  acres.    The 
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two  largest  holdings  in  the  county  are  one  at  Casselton,  containing 
13,000  acres  and  another  at  Amenia,  containing  20,000  acres.  The 
f^ormer  is  operated  as  a  single  farm,  while  the  latter  is  owned  by  a 
company  and  leased  on  shares  to  tenants,  no  single  tenant  being  pcr- 
rnitted  to  work  more  than  one  section.  In  the  vicinity  of  Fargo  and 
Casselton  the  farms  are  larger  than  around  Wheatland,  and  the 
average  size  of  the  farms  throughout  this  area  is  about  (JOG  acres. 

As  a  rule  the  present  land  values  of  the  area  are  on  a  legitimate 
l>asis.     In  a  few  localities  where  the  drainage  is  very  imperfect  the 
land   values  are  a  little  higher  than  the  present  conditions  would 
Seem  to  warrant,  but  on  the  whole  there  is  lx)und  to  be  a  healthv  in- 
crease  upon  the  present  basis.     Some  of  the  best  farms  are  mort- 
gaged, but  these  mortgages  are  held  by  local   investors.     In   this 
IX)rtion  of  the  northwest  farm  mortgages  indicate  prosperity  rather 
than  adversitv.     The  farms  that  a  score  or  more  years  ago  were  too 
large  for  the  poor  farmer  with  his  large  family  of  small  children  are 
now^  too  small  for  the  grown-up  boys.     The  family  spreads  and  the 
boys  marry  and  buy  adjoining  farms.       The  father  gives  them  a 
start  with  a  few  hundred  dollars,  to  which  thev  add  their  own  sav- 
ings.     A  part  is  'paid  down  for  the  farm  and  a  mortgage  is  given 
for  the  remainder  and  in  the  majority  of  cases  with  care  and 'indus- 
try it  is  onlv  a  few  years  before  the  bovs  have  clear  titles  to  their 
lanns. 

The  question  of  labor  is  one  that  is  continually  causing  dissatis- 
faction among  those  who  are  operating  large  farms.  One  reason  is 
that  the  poor  man  of  enter])rise  and  push  will  not  remain  a  day 
laborer  long  l)ecause  of  the  opj)ortunity  of  his  getting  land  and  start- 
ing a  home  of  his  own.  Men  with  enough  money  to  make  a  small 
payment  and  sufficient  stock  and  machinery  to  start  work  have  been 
known  to  pay  for  a  half  section  of  land  in  two  years.  At  the  ]')res- 
ent  time  men  of  no  money  or  stock  and  machinery,  l)ut  with  a  repu- 
tation for  honesty  and  inrlustry.  usually  have  no  troul)le  in  ol)taining 
a  farm  with  buildmgs,  stock  and  machinery,  and  are  given  plenty 
of  time  in  which  to  i)ay  for  them.  The  usual  method  is  bv  "crop 
payments,"  giving  one-half  the  crop  each  year  until  the  indebted- 
ness is  canceled.  Upon  such  terms  with  ordinary  seasons  and  i-i- 
dustry  a  man  with  one  or  two  lx)ys  old  enough  to  work  can  get  clear 
title  to  a  half  section  in  less  than  ten  years,  pn>vided  the  farm  is 
located  upon  such  types  as  the  ^liami  black  clay  loam  or  the  Miami 
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loam.  By  a  process  of  natural  selection  these  conditions  have  left 
as  lalx)rers  a  class  of  unmarried  men  who  are  usually  rather  unde- 
sirable. In  the  winter  they  divide  their  time  betw-een  the  great 
cities  and  the  lumber  camps  of  the  middle  west:  in  seeding-  and 
harvest  time  they  migrate  to  the  grain-growing  communities  and 
demand  exorbitant  w^ages.  The  farmer  who  has  to  hire  is  at  their 
mercy  and  must  pay  at  least  $2.50  a  day  for  common  labor,  besides 
furnishing  board  and  lodging.  It  is  often  impossible  to  obtain  help 
at  $3  a  day.  Upon  the  whole,  the  present  dissatisfaction  with  labor 
is  having  a  salutary  effect  upon  the  country  and  matters  are  gradu- 
ally adjusting  themselves.  Farming  on  a  large  scale  is  declining, 
because  of  the  lower  prices  for  grain,  the  inefficiency  of  labor  and 
the  high  w^ages  demanded  by  it.  The  large  farms  are  being  cut  up 
to  furnish  homes  for  the  many,  farming  is  becoming  more  diversified 
and  better  methods  of  cultivation  arc  Ix^ing  introduced. 

Wheat,  flax,  barley  and  oats  have  been  and  arc  the  chief  products 
of  the  region.  The  heavy  loamy  and  clay  soils  of  the  valley  are  rec- 
ognized as  being  especially  adapted  to  these  crops  and  the  seasons  arc 
favorable.  Formerly  it  was  believed  that  the  seasons  were  too  short 
for  corn,  but  a  variety  has  been  acclimated  to  .the  region  and  now 
thousands  of  acres  of  it  are  grown  yearly.  Corn  and  barley  are  be- 
ing grown  more  and  more  every  year,  and  hogs  are  being  raised. 
This  is  an  industry  which  is  becoming  important.  Last  year  many 
carloads  of  hogs  were  shipped  out  of  the  Red  River  valley  to  the 
Minneapolis,  St.  Paul  and  Chicago  markets. 

The  transportation  facilities  of  the  area  arc  very  good,  the  main 
line  of  the  Northern  Pacific  passing  through  its  entire  length  from 
east  to  west.  A  branch  of  this  road,  known  as  the  P'anjo  & 
Southwestern,  runs  from  Fargo  to  Lisbon,  crossing  the  southeastern 
part  of  the  area.  The  main  line  of  the  Great  Northern 
crosses  the  area  at  Fargo  and  a  branch  of  that  line  crosses  at 
Casselton.  Along  these  roads  at  intervals  of  about  five  miles  are 
sidetracks  w^ith  platforms  and  at  many  of  these  shipping  points  there 
are  elevators  for  storing  grain.  Many  farmers  load  their  grain 
directly  into  cars  from  the  platforms,  while  some  store  it  i'.i  the  ele- 
vators to  await  future  shipment. 
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SOIL  SI;R\'EY  of  JAMKSTOWX  ARIlA. 
I»Y  Thomas  A.  (..'atni:  and  A.  R.  Ko/iiku. 

(  KiirM  opcrati'ins,  biinviii  of  sf>ils,  iM'iJ 
LOCATION   AND  IJOUNDARIES   OF  TITE  AREA. 

The  Jamestown  area  is  located  in  the  east  central  part  of  North 
Dakota  and  comprises  parts  of  Stutsman  and  Barnes  counties.  It 
is  included  within  meridians  9S  de(2:rees  and  1>8  degrees,  53  minutes 
and  .'U  scc«m.ls  west  longitude  and  Ai\  degrees.  -IS  minutes  and  15 
sec«)nds  and  I  (J  degrees,  08  minutes  and  11  seconds  north  latitude 
and  is  matle  up  of  townships  V\d  and  110  north,  ranges  oS  to  Go, 
inclusive,  west. 

The  area  has  an  extent  of  appn»\imately  V.H\  s(iuare  mile-i,  (  r 
:;il,4(>()  acres. 

inSTORV    OF    SF/rTLi:.MEXT    AND    AGRICULTrRAL    DEVELOP ME^NT. 

The  experiences  of  the  early  settlers  of  the  area  were  similar  to 
tlif)se  of  all  tlie  early  settlers  of  the  northwest.  The  t^arlier  i)er- 
nianent  settlements  were  made  in  1871,  after  the  Northern  Pacific 
railroad  had  penetrated  the  region.  In  1872  the  city  of  Jamestown 
was  founded  by  the  railroad  company.  Stutsman  county  was  organ- 
ized in  1873  under  the  laws  of  Dakota  territorv.  The  first  actual 
settlements  in  Barnes  countv  w^re  not  made  until  1877  and  the  fol- 
lowing  year  the  county  was  organized  with  Valley  City  as  the  county 
seat.  Prior  to  1880  the  growth  of  the  town  was  slow,  on  account 
of  the  embarrassment  of  the  railroad  and  because  of  other  draw- 
backs which  retarded  the  settlement  of  the  surrounding  country. 
Tlie  very  earliest  settlements  were  scattered  and  for  the  most  part 
of  a  transient  nature.  The  IcMig,  rigorous  winters,  the  lack  of  fuel 
and  the  blizzards  of  the  early  days  were  hardships  hardly  appreci- 
ated by  those  now  living  under  the  nnxlified  conditions  of  climate 
with  better  facilities  for  obtaining  fuel.  Ijut  from  the  beginning  the 
growth  of  the  region  has  been  a  healthy  and  vigorous  one.  The 
sturdy,  industrious  class  of  farmers  who  came  from  Scandinavia 
hiave  done  much  to  bring  the  region  into  prominence. 

In  1887  a  general  immigration  stl  into  the  territory  as  a  whole 
and  the  location  and  productiveness  of  the  area  surveyed  attracted 
its  full  share  of  newcomers.  In  188J)  the  states  of  North  and  South 
Dakota  were  created  out  of  Dakota  territory.  From  1880  to  the 
present  time  the  history  of  the  region  has  been  one  of  growth  and 
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prosperity.  The  lands  which  were  either  taken  up  under  the 
homestead  act  or  purchased  from  the  railroad  corporations  for  a 
nominal  sum,  have  steadily  increased  in  value,  and  during  the  past 
few  vears  have  doubled  and  in  some  cases  trebled  in  value.     In  the 

m 

eastern  part  of  the  area  the  present  average  price  per  acre  is  $25. 
In  the  vicinity  of  Jamestown  the  average  price  for  the  prairie  soil 
is  about  one-third  lower  than  at  Valley  Citv. 

CLIMATE. 

Owing  to  the  absence  of  forests  and  the  geographic  position  of 
the  area,  in  the  center  of  a  large  continent,  and  about  equidistant  be- 
tween the  north  pole  and  the  equator,  the  difference  between  the 
temperature  of  summer  and  that  of  winter  is  very  great.  Usually 
there  are  only  a  few  days  in  summer  w-hen  the  mercury  gets  as  high 
as  100  degrees  F.,  and  the  nights  arc  always  cool.  The  seasons  are 
sharply  separated.  Spring  comes  by  a  sudden  transition  in  April, 
when  the  surface  of  the  ground  thaws  rapidly,  permitting  seeding 
in  a  few  days.  Winter  comes  on  bv  a  sudden  cold  wave  in  Novem- 
ber,  when  the  ground  freezes  and  stops  the  fall  plowing. 

During  the  months  of  January  and  February  the  temperature  is 
often  from  10  degrees  to  30  degrees  below  zero  for  days  at  a  time, 
but  the  dryness  of  the  atmosphere  makes  this  low  temperature  no 
more  difficult  to  endure  than  a  much  higher  temperature  along  the 
coast  or  lakes,  where  the  atmosphere  is  damp. 

There  is  a  considerable  difference  in  precipitation  between  the  ex- 
treme eastern  and  the  extreme  western  limits  of  the  area.  Thr*  rcc- 
,ords  of  the  weather  bureau  station  at  Jamestown  cover  a  period  of 
twelve  years  and  show  that  the  average  yearly  i)reci])itation  is  about 
eighteen  inches.  The  year  1899  was  an  exceptional  year,  when  the 
precipitation  was  as  low  as  G.75  inches.  In  189()  the  total  rainfall 
was  also  exceptional,  when  it  reached  33.09  inches.  Although  the 
records  at  Valley  City  are  incomplete,  it  is  j)retty  well  established 
that  the  average  yearly  precipitation  is  alx)nt  twenty-one  inches. 
The  diain  of  lakes  in  the  vicinity  of  Sanlx^rn  seem  to  affect  the  con- 
dili(>ns  of  j)rccij)itation,  for  east  of  these  lakes  the  precipitation  is 
practically  the  same  as  at  Valley  City,  while  west  of  them  it  is  about 
the  same  as  at  Jamestovyn.  The  subsoils  east  of  the  lakes  are  a  trifle 
heavier  and  therefore  better  able  to  retain  moisture.  These  are  facts 
well  recognized  by  the  farmers  and  all  lands  east  of  the  lake  chains 
are  held  at  from  $.*)  to  $10  more  an  acre  than  those  to  the  westward. 
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The  presence  of  so  many  native  trees  along  the  Sheyenne  River  is 
also  believed  to  have  something  to  do  with  the  greater  precipita- 
tion. 

The  following  table  gives  the  normal  temperature  and  precipita- 
tion, so  far  as  available,  from  the  records  of  the  weather  bureau  sta- 
tions at  Jamestown  and  Steele : 

NCJkMAL   MONTHLY   AND  ANNUAL    TEMPERATURE    AND   PRECIPITATION 
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I'ebruary 
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0.S2 
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M 

7  0 
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19  0 

1.00 

LI  0 
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42  0 
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2.44 

W.O 

4.21 

P3.0 

3.42 

70.0 

68.0 

2.76 

Aiipust 

Septcmbor 
( )ctolicr .... 
Noveinhor  . 
DcceiTiher. 

Year 


6T  0  I 
.■8  0  ' 
4H.0  i 
22.0 
16.0 

39.7  i 


1.2X 

66.0 

.93 

r)8.0 

.r»3 

41.0 

i.i.'i 

25.0 

.74 

14.0 

•  •  •  • 

38.3 

2.20 
.76 
.39 
.59 
.24 


15.79 


The  winters  are  less  severe  than  formerly,  the  greatest  change  be- 
ing in  the  months  of  January  and  February.  In  these  months  there 
has  been  a  decided  increase  in  temperature  and  a  slight  increase  in 
the  months  of  M«ircli,  April  and  May,  while  during  the  remainder 
of  the  year  the  conditions  have  been  more  constant.     That  the  win- 

m 

ters  are  milder  now  than  formerly  is  a  fact  well  recognized  by  all 
farmers  who  have  lived  in  the  valley  for  a  score  or  more  of  years. 

(  >wincf  to  the  difficult v  of  getting  onto  the  fields  eafly  enough  in 
spring  to  plow  for  seeding,  nearly  all  plowing  is  done  in  the  ta'i 
after  harvest,  thus  exposing  the  characteristic  black  soil  of  tl^e 
region  to  the  sun  during  the  winter  months,  while  in  the  sumir.cr 
mo!iths  the  .growing  and  maturing  cr()])s  re])rcsent  more  nearly  the 
original  prairie  condition.  This  is  doubtless  one  reason  why  there 
has  not  been  so  great  an  increase  of  temperature  during  the  summer 
as  in  the  months  of  January  anrl  February.  The  rainfall  is  crreat^si: 
during  the  months  when  it  is  needed  most  by  the  growing  crops, 
namely,  in  June  and  lulv.  During  [anuarv  and  I'\'l)ruarv  the  aver- 
age  precipitation  is  less  than  one  inch.  The  small  amount  of  snow 
that  falls  during  these  months  is  not  lodged  in  the  prairie  grass  ^s 
formerly,  but  is  either  blown  off  the  plowed  fields  into  the  coulees 
or  is  melted  upon  the  heat-abs(.>rbing  black  soil  during  the  bright 
davs.     Before  the  country  was  broken  up  the  snow  was  held  in  the 
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prairie  grass,  the  light-colored  grass  and  lighter-colored  snow  tend- 
ing rather  to  reflect  the  sun's  rays  than  to  absorb  them.  The  con- 
clusion is  that  the  change  of  temperature  is  due  to  the  exposure  of 
so  much  black  soil  to  the  sun  during  the  winter  months. 

On  the  whole,  the  length  of  the  growing  season  seems  to  be  a  lit- 
tle longer  and  therefore  the  conditions  are  getting  more  favorable 
for  corn.  This  change  may  be  ascril)ed  to  the  same  cause  as  the 
milder  winters— the  exposure  of  the  black  soil  to  the  sun.  While  it 
is  well  known  that  a  black  soil  radiates  heat  as  rapidly  at  night  as 
it  absorbs  it  during  the  day,  it  should  be  remembered  that  in  this 
northern  latitude  during  the  spring,  summer  and  fall  there  are  more 
hours  of  sunshine  per  day  than  in  latitudes  farther  south. 

The  term  '^killing  frost"  represents  a  frost  which  will  kill  such 
crops  as  are  generally  grown  in  the  valley  and  usually  represents  a 
temj)cratnre  of  21  degrees  F.  If  fruits  were  grown  in  the  valley  a 
much  liigher  temperature  would  doubtless  be  regarded  as  a  killing 
frost. 

The  records  for  the  past  several  years  show  the  average  dates  of 
the  last  killing  frost  in  spring  and  the  first  in  fall  to  be  as  follows: 


Last  in 
sprine 


First  in 
fall 


Jamestown. 
Steele 


June    1 
May  27 


Sept.  12 
Sept.  13 


PHYSIOGRAPHY  AND  GEOLOGY. 

The  entire  area  was  covered  with  ice  during  the  glacial  period. 
One  can  form  a  better  idea  of  this  period  if  he  thinks  of  a  great 
mass  of  ice  flowing,  or  shoving  its  way  across  the  country  from  north 
to  south,  carrying  with  it  large  quantities  of  granite,  gneiss,  schist 
and  limestone  from  Canada,  planing  oflF  the  hills  and  filling  the  val- 
leys with  the  material  of  the  hills.  This  was  not  a  condition  pecu- 
liar to  North  Dakota,  but  common  to  the  northern  states  from  North 
Dakota  to  ]^Iaine.  When  this  great  mass  of  ice  retreated  or  thawed 
away,  the  ground-up  rock  fragments  which  had  been  carried  along 
by  it  were  left  as  a  mantle  over  tlie  glaciated  region.  The  thickness 
of  this  mantle  of  glacial  till,  as  it  is  C(mimonlv  called,  varies  in  dif- 
ferent parts  of  the  glaciated  region,  but  in  the  area  surveyed  the 
avcrairc  thickness  is  less  than  100  feet. 


,  \ 
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Tlie  topography  of  g'laciated  regions  varies  from  comparatively 
level  to  hilly  and  broken.  With  the  excei)tion  of  the  morainic 
^"»ills  south  of  Sanborn  the  surface  in  tl-is  arc:i  ir.:iv  ;)o  classed  as 
level  prairie.  It  is  characterized  by  its  gently  undulating  surface, 
made  u])  of  a  succession  of  low  hills  and  knolls  and  shallow  depres- 
sions, with  a  few  glacial  bowlders  and  sonic  gravel  strewn  upon  .the 
surface  and  disseminated  through  both  soil  and  subsoil. 

From  the  extreme  eastern  to  the  extreme  western  limits  of  the 
area,  a  distance  of  forty-two  n'iles,  there  is  a  gradual  rise  west- 
ward of  about  l'?.")  feet.  This  gradually  rising  and  gently  undulat- 
ing prairie  is  broken  by  two  deep  gorges,  where  the  James  and  Shey- 
enne  rivers  have  cut  thrir  channels.  The  waters  of  the  former 
stream  eventually  reach  the  Gulf  of  Mexico,  while  those  of 
the  latter  flow  into  Hudson  Iniy.  The  divide  lietween  these  two 
systems  of  drainage  crosses  the  area  at  Eckelson.  Jamestown,  on 
the  James  River,  has  an  altitude  of  1,-100  feet  and  is  lir>  feet  below 
the  top  of  the  prairie,  while  \'a11ey  City,  on  the  Sheyenne,  has  an 
altitude  of  1,221  feet  and  is  over  200  feet  below  the  prairie.  The 
lowest  point  in  the  area  is  1,200  feet  above  sea  level,  while  the 
highest  point  is  on  the  terminal  moraine  south  of  Sanlx)rn  and  has 
an  altitude  of  1,000  feet,  so  that  there  is  a  range  in  elevation  of  400 
feet  in  the  area. 

The  James  and  the  Sheyenne  rivers  are  now  small  and  sluggish, 
and  it  was  during  the  glacial  period,  when  they  were  swollen  with 
the  waters  of  the  melting  ice,  that  their  deep  gorges  were  cut.  The 
bluffs  along  the  James  are  made  up  entirely  of  glacial  till,  the 
underlying  Cretaceous  rock  of  the  comity  l>eing  exposed  (Mily  in  the 
lower  places  along  the  stream.  These  bluifs  are  characterized  by 
their  serrated  aj)pearance  and  also  by  the  fact  that  their  steep  sides 
are  .strewn  with  glacial  bowlders  of  all  sorts  anil  sizes.  The  bluffs 
along  the  Sheyenne  river  have  an  entirely  different  a])pearance. 
Their  tops  are  capped  by  only  a  thin  mantle  of  g'lacial  till.  The 
line  of  separation  between  this  till  and  the  underlying  Cretaceous 
shales  can  be  traced  by  the  difference  in  vegetation  al»ve  and  be- 
low the  line.  Above  the  line  the  bluffs  have  the  api^earance  of  those 
along  the  James,  Ix'ing  serrated  and  covered  with  glacial  l>owlders, 
and  because  of  the  slight  rainfall  and  extreme  conditions  of  drain- 
age, devoid  of  all  vegetation  except  a  scanty  growth  of  grass.  Be- 
low the  line  the  numerous  springs  which  come  out  on  top  of  the 
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Cretaceous  shales  furnish  sufficient  moisture  for  a  natural  vegeta- 
tion of  oak  and  other  hardwood  trees. 

Between  the  James  and  the  Sheyenne  rivers  are  several  dr\'  water- 
ways which  cross  the  area  in  a  north  and  south  direction.  None  of 
these  waterways  are  more  than  40  feet  deep.  They  are  fairly  well 
defined  and  doubtless  served  as  avenues  for  carrying  off  a  great  deal 
of  water  from  melting  ice  to  the  northward  during  the  glacial  pe- 
riod. Some  of  these  old  water  courses  are  cut  into  the  underlying 
Cretaceous  rock,  and  they  may  represent  preglacial  channels  that 
w^ere  not  so  completely  filled  with  glacial  material  during  glacial 
times  but  that  they  still  served  to  carry  off  the  water  from  melting 
ice.  Water  has  not  Howed  through  these  valleys  within  the  mem- 
ory of  man,  and  they  are  now  entirely  dry,  except  in  the  depressions 
which  are  considerably  below  the  natural  avenue  of  drainage.  Wa- 
ter usually  collects  in  these  depressions,  and  often  a  series  of  lakes 
may  be  traced  along  these  old  water  courses.     Such  a  chain  consists 

of  Fox,  Rose,  Goose  and  ^lud  lakes. 

The  lakes  mentioned  above  have  no  outlets  and  their  w-aters  con- 
tain a  great  deal  of  alkali.  (lOOse  and  Mud  lakes  are  very  shallow 
and  often  l>ecome  dry  by  evai)oration  in  the  summer.  The  alkali, 
which  was  in  solution,  is  then  left  as  a  white  deposit  along  the 
shores  and  dry  bottoms  of  these  lakes,  but  w-hen  the  wet  season  re- 
turns these  salts  are  again  taken  up.  If  the  waters  of  these  two 
lakes  were  drained  ofT  and  the  salt  not  allowed  to  accumulate,  their 
mud  bottoms  would  probably  become  valuable  for  the  production  of 
hay. 

A  characteristic  of  all  these  lakes  is  that  thev  have  a  distinct 
fringe  of  sand,  gravel  and  bowlders  along  their  shores.  This  was 
such  a  distinct  feature  and  so  much  ground  was  covered  with  shore 
l>owl(ler-chains  that  it  was  indicated  as  a  distinct  type  in  the  soil 
map.  Its  origin  can  be  traced  to  the  sand,  gravel  and  waterworn 
rocks  and  pebbles  strewn  ak)ng  old  water  courses.  The  sand  and 
gravel  along  the  lakes  are  composed  of  this  material  sorted  by  wave 
action  of  existing  lakes,  but  the  long  line  of  accompanying  bowlders 
is  acounted  for  by  a  different  phencMuenon.  During  the  intensely 
cold  winters  these  shallow  lakes  freeze  to  their  lK)ttoms.  The  rocks 
and  lK")wl(lers  in  the  bottom  arc  frozen  into  the  ice.  -Large  cracks 
appear  in  the  ice  and  during  the  warmer  days  these  cracks  are  filled 
w'ith  water,  which  freezes  and  expands.     The  result  is  a  pushing  of 
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the  ice  upon  the  shores  and  the  carrying  of  the  rocks  a  little  farther 
shoreward  with  each  successive  winter.  The  finer  material  along 
the  bottom  is  also  frozen  into  the  ice,  and  when  the  ice  breaks  up  in 
the  spring  it  is  carried  along  in  the  direction  of  the  prevailing  wind. 
The  sand  and  gravel  tlius  accumulated  arc  reworked  by  the  waves 
and  piled  up  ^y  them,  forming  beaches. 

SOILS.  • 

The  location  of  the  area  alxmt  midniay  between  the  lands  used 
exclusively  for  grazing  and  those  used  for  grain  growing  makes  it 
representative  of  the  tyju'S  of  soil  and  the  conditions  rif  climate  over 
a  very  large  and  important  jiart  of  the  state. 

'I'lie  following  cha])tirs  give  a  (lescri})ti(Mi  of  the  soil  ty])es  met 
with  in  the  area  and  tlie  appended  tables  shows  the  extent  of  each 
of  these  types  and  the  i)ro])Mrtion  wliich  each  iK-ars  to  the  total  area. 
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M  arshall  loam 
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MARS  II  ALL   SroXV   LOAM. 

The  Marshall  stony  loam  I'.a*^  an  awragc-  depth  of  about  seven 
inches  of  drak-brown,  Ioom*,  saiulv  or  irrawUv  l<Kun.  ( )coa^i'. »nallv 
tliere  is  present  an  admixture  of  consile-rable  clay  loam,  and  again 
the  interstitial  material  iiiav  be  almost  wliollv  coarse  sand.  The 
surface  soil  is  underlain  to  a  i^^reat  (Ie])th  by  unmrHJitied  glacial  till 
Dis.^eminated  ihrouglior.t  h'-th  ^oil  and  subsoil  and  seatlere(l  in  large 
tjiiantities  on  the  surfac".  -.[re  L^iaeial  bowldt-r-  n\  all  >ort>  and  sizes. 
This  type  is  in  n.:irly  all  ea<;->  a>;^oe"aied  with  the  abandonerl  water- 
ways and  willi  the  mo^ai!le•^  wliieli  are  seaticreil  over  llie  entire  area 
but  are  esjecially  mni^n^ii^  s-ii;tli  i^i  .^anb  til  It  aUo  ooenr>  as 
narrow  areas  encireling  Miami  black  cla\-  loam.  Wi^vv  the  soil  rej)- 
resents  beaches  of  old  lake<  or  j.onds. 

This  type  is  also  found  on  the  side<  of  all  the  serrated  blnffs  oi 
the  James  river  and  on  the  sides  of  the  deepeoulees  which  lead  into 
this  river.  Along  tlie  She\enne  in  the  vicinity  of  X'alley  City  and 
to  the  southward  this  tyf)e  is  fr»und  only  nn  the  toi")s  r>f  the  blulTs, 
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the  lower  part  of  the  bluffs  being  composed  of  the  Cretaceous 
shales.  ( )n  the  river  northwest  of  the  town  the  glacial  till  has  been 
spread  as  a  mantle  over  the  entire  bluffs  from  top  to  bottom  and  m 
such  locations  the  conditions  are  the  same  as  those  on  the  sides  of 
the  bluffs  of  the  James  river. 

Tlie  moraines  represent  places  where  the  edge  of  tjie  melting^  ice 
sheet  stood  for  sgme'  time.  The  character  of  the  material  tlius  accu- 
mulated varies.  Sometimes  it  is  quite  sandy,  nearly  always  it  is 
very  stony,  while  occasionally  it  is  very  nearly  the  same  in  texture 
and  aj)j)earance  as  the  Marshall  loam  found  on  the  level  prairie,  but 
because  of  the  slight  rainfall,  and  owing  to  its  elevated  position  or 
its  great  porosity,  it  is  too  dry  to  be  of  any  great  agricultural  value 
except  as  pasture. 

South  of  Sanborn  some  of  the  morajnic  hills  mapped  as  this  type 
rise  to  an  elevation  of  200  feet  above  the  surrounding  prairie.  The 
subsoil  in  some  of  these  hills  is  not  unlike  the  soil  on  the  level  prai- 
rie, but  the  soil  on  their  steep  slopes  has  been  so  washed  that  noth- 
ing but  the  coarser  constituents  are  left,  the  finer  particles  having 
been  carried  down  into  the  vallevs  between  the  hills.  Occasionallv 
fair  crops  are  grown  alxDut  half  way  up  the  sides  of  some  of  these 
hills,  depending  upon  the  season  and  the  local  conditions  of  mois- 
ture, but  considerable  areas  are  of  no  value  except  as  pasture  lands. 

A  jjhase  of  the  ^larshall  stony  loam  consists  of  a  dark-brown  or 
black  loam,  with  an  average  depth  of  twenty  inches,  underlain  by  a 
subsoil  of  coarse  sand  or  gravel.  As  in  the  type  riverwash  the  sub- 
soil often  persists  to  a  great  depth.  Disseminated  throughout  the 
soil  and  subsoil  are  large  glacial  bowlders.  In  the  soil  there  is  usu- 
ally present  considerable  organic  matter  derived  from  the  luxuriant 
grasses  which  grow  in  such  locations.  In  the  lower  depth  of  the 
subs(.>il,  at  alx^ut  fifteen  feet  below  the  surface,  there  is  often  one  or 
two  inches  of  bluish-gray  silt  or  clay. 

This  phase  is  found  in  the  bottoms  of  the  "dry  waterways"  which 
wore  avenues  for  the  water  from  melting  ice  in  glacial  times.  It 
differs  from  the  riverw-ash  chiefly  in  that  the  latter  is  found  in 
higher  locations  and  is  dry  throughout  the  year  and  therefore  of  lit- 
tle agricultural  value  except  as  a  scanty  pasture.  It  differs  from  the 
areas  mapped  as  meadow  in  that  the  latter  are  too  low  and  marshy 
to  be  of  nuich  agricultural  value  under  present  conditions. 
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In  all  cases  the  surface  soil  of  this  phase  is  a  wasli  of  the  finer 
sands  ami  silts  from  the  higher  surrounding  prairie  and  is  a  vcneer- 
ingr  over  the  washleft  at  the  close  of  the  glacial  period.  In  a  few 
locations  the  lowest  slopes  of  the  typical  Marshall  stony  loam  have 
been  vcnecreil  over  by  a  wash  from  higher  grounds.  As  in  the  case 
of  the  typical  stony  loam,  there  are  sometimes  numerous  large  bowl- 
ders protruding:  above  the  surface. 

This  phase  of  the  Marshall  stony  loam,  occupying  as  it  does  the 
lower,  but  not  the  lowest  parts  of  the  old  water  courses,  usually  con- 
tains plenty  of  nioisturf  during  the  greater  part  of  the  year.  In 
times  of  excessive  rain,  however,  it  is  iisuaily  very  wet  and  occasion- 
ally flooded,  while  during  the  luug-coutinuod  drouiiht  it  may  Ijecome 
very  dry  because  of  the  loose,  porous  nature  of  the  subsoil.  Be- 
cause of  this  and  hecause  in  some  locations  tlicre  arc  injurious 
amounts  of  alkali,  it  is  not  a  desirable  soil  for  cultivated  cro])S.  The 
type  seems  usually  well  adapted  to  grains  and  pasture  and  is  used 
almost  exclusively  for  ihe.se  purposes.  It  would  doubtless  he  better 
if  no  attempt  were  ever  made  to  put  this  type  under  cultivation.  It 
is  now  one  of  the  most  valuable  types  in  the  area  for  grass,  and 
since  so  much  of  the  prairie  has  liecn  broken  and  the  prairie  grass 
destroyed  there  is  an  increasing  demand  for  hay. 

The  following  table  shows  the  texture  of  samjilcs  of  the  fine  earth 
of  the  Marshall  stony  loam: 
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MARSHALL  SILT    LOAM. 

The  surface  soil  of  the  Marshall  silt  loam  consists  of  a  dark-brown 
to  black  loam  with  an  average  depth  of  ten  or  twelve  inches.  The 
subsoil  is  slightly  more  silty  and  clayey  in  texture  and  varies  in 
color  from  dark  brown  to  brown,  usually  becoming  yellowish  brown 
in  the  lower  depths. 

Scattered  upon  the  surface  and  disseminated  through  both  soil 
and  subsoil,  are  fragments  of  rock  varing  in  size  from  fine  gravel  to 
large  glacial  bowlders.  These,  however,  are  not  so  numerous  as  in 
the  case  of  the  ^^larshall  loam. 

This  tyi>e  is  typically  tleveloped  on  the  level  prairie  about  200  feet 
above  the  Sheyenne  river,  in  the  vicinity  of  Valley  City  and  in  its 
most  typical  phase  extends  back  from  one  ami  a  half  to  three  miles 

on  each  side  of  the  bluffs.  These  narrow  strips  represent  the  flood 
plain  of  the  river  in  glacial  times.  In  its  least  typical  phase  the  soil 
extends  several  miles  back  from  the  river,  but  only  a  small  part  of 
the  region  east  of  the  river  was  included  within  the  area.  It  reaches 
west  as  far  as  Sanborn  and  Ilobart  lakes  and  to  the  foot  of  the  mo- 
rainic  hills  immediately  south  of  these  lakes.  The  dividing  line  be- 
tween this  type  and  tlie  Marshall  loam  leaves  the  area  about  two 
miles  northwest  of  Sanborn. 

In  its  topographic  features  it  is  much  more  level  than  the  Mar- 
shall loam  and  in  the  narrow  strip  on  each  side  of  the  Sheyenne 
river  it  has  been  considerably  cut  up  by  ravines  and  coulees,  but  the 
outline  of  the  original  level  can  be  traced  for  miles.  i>ack  from  the 
river  some  distance  its  topography  becomes  gently  imdulat- 
ing  and  is  marked  by  a  succession  of  low  hills  and  shallow  depres- 
sions locally  known  as  "l>og  holes." 

The  origin  of  this  tyjK'  is  glacial,  as  in  the  case  of  the  Marshall 
loam,  but  it  differs  from  the  latter  in  that  the  underlying  Cretaceous 
rock  is  in  some  cases  vcrv  close  to  the  surface  and  has  entered  verv 
largely  into  the  com])(x^ition  of  the  soil.  This  accounts  for  its  being 
heavier  in  texture  than  the  ^Marshall  loam. 

This  ty|)e  retains  moisture  better  than  the  ^larshall  loam. 

1m ^r  general  farming  purposes  this  soil  has  no  equal  in  the  area. 
It  is  all  under  cultivation  and  is  held  at  about  ^.'lO  an  acre.  Thirtv- 
five  bushels  of  wheat  is  not  an  unusual  avera^ge  yield.  Flax,  oats 
and  barli'v  do  comparatively  well. 
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In  some  places  in  this  type  there  arc  occasional  small  patches  on 
which  the  grain  becomes  partially  choked  off,  an  effect  tUic  to  the 
gimibo  characteristic  of  the  soil.  These  areas  are  not  large  enough 
to  interfere  seriously  with  the  value  of  this  t\'pe. 

The  following  tabic  shows  the  texture  of  typical  samples  of  the 
fine  earth  of  this  soil : 


MECHANICAL  ANALYSE: 
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SlllfX   CLAV. 

The  soil  of  the  Sioux  clay  is  a  black  to  dark-brown  or  sometimes 
yellow isli-brown,  clay  loam  or  clay,  with  an  average  depth  of  eigh- 
teen inches.  The  subsoil  is  a  grayish-brnwn  to  gravish-vell.nv,  stiff, 
day  loam  or  clay,  with  a  di-jnli  nf  st'vend  feet.     The  ditTerence 


ween  the  soil  and  snb.^oil  is  that  the  former 


;   nuire  f.irganic 


matter  incorporated  with  it  and  is  a  liltle  more  saiui' 

The  Sioux  clay  is  a  type  o.mined  (o  the  bottomi;  i.f  the  Shevenne 
river,  from  the  vicinity  of  \alley  fily  souilnvard  to  hi-y  md  the  south- 
ern liniiis  of  the  area.  The  soil  is  partly  of  alluvial  nrijjin  and  partly 
a  wash  from  the  Cretaceous  bluffs  which  rise  about  l.'.ij  feet  on 
each  side  of  the  river.  The  residual  snil  formed  from  the  weather- 
ing of  ihe  .■Joft  shale  in  these  Cretacenus  bluffs  has  all  of  the  cliar- 
aeti-ristics  of  the  gunilxi  found  in  the  Reil  River  VLdlcv.  It  is  ex- 
ceeding slipfwry  under  foot,  is  very  waxy  an<l  gununv  and  has  a 
greasy,  oily  fee!.  The  Red  River  valley  gumlx,  is  d..ubtiess  the  same 
material  carried  in  susiiensiim  by  the  glacial  waters  and  redepositetl 
in  glacial  Lake  .\cassiz.  Lint  there  are  no  large  Iwdies  of  this  res- 
idual soil,  since  in  its  redeimsition  along  the  river  it  has  all  been 
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more  or  less  intimately  mixed  with  a  small  amount  of  fine  sand  that 
lias  found  its  way  down  from  the  higher  prairie.  In  some  places 
the  type  varies  from  a  fine  friable  loam  to  a  stiff  silty  clay,  having 
the  objectionable  features  of  gimibo. 

This  type,  with  the  exception  of  a  few  giimbo  spots  which  bake 
and  dr>'  out  during  a  dry  summer,  is  excellent  for  truck  farming  as 
well  as  for  the  growing  of  small  grain.  Under  the  best  of  condi- 
tions wheat  sometimes  yields  as  much  as  forty  bushels  per  acre  upon 
this  soil.  Oats  and  flax  also  do  remarkably  well.  Only  about  one- 
half  of  this  type  i&  under  cultivation,  the  remainder  being  occupied 
by  a  growth  of  oak,  elm,  ash  and  other  indigenous  trees. 

Where  cultivated  this  tyj>c  is  used  largely  for  growing  small  gram 
and  millet.  The  shelter  afforded  by  the  trees  would  make  it  one  of 
the  most  desirable  locations  in  the  state  for  growing  orchard  fruit 
and  berries. 

The  following  table  shows  the  texture  of  typical  samples  of  this 
soil : 
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II  on  ART  CLAY, 

Tlie  llobart  clay  consists  of  from  one  inch  to  four  inches  of  a 
gray  cir  d.-irk-l)n)wii  clay,  undcriain  to  a  depth  of  three  or  four  feet 
by  heavy  drab-colorcd  clay.  In  the  lower  depth  of  the  subsoil  the 
clay  is  more  or  less  intimately  mixed  with  fragments  of  the  under- 
lying (Tctaceoiis  shale.  Below  the  fourth  foot  the  shale  is  found  in 
various  stages  of  disintegration,  luitil  finally  the  solid  rock  is  reach- 
ed. The  harder  parts  in  the  shale  or  such  parts  as  are  more  resist- 
ant to  the  agencies  of  weathering  arc  frequently  seen  strew^n  upon 
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the  surface.  This  accounts  for  the  presence  of  small  fraj^ments  of 
gypsum,  "iron'*  shale  and  calcareous  and  fossiliferous  shale.  When 
tlie  soil  is  wet  it  is  very  adhesive  and  slippery  under  foot  and  has  a 
greasy,  oily  feel.  In  dry  weather  it  often  bakes  and  growing  crops 
are  often  injured  in  this  way.  In  a  few  places  along  the  steepest 
bluffs  the  shale  has  not  weathered  sufficiently  to  support  any  vege- 
tation, and  at  such  places  small  landsli<les  fre(|uently  occur.  In 
places  such  landslides  have  carried  down  the  glacial  till  from  alx>ve. 

A  peculiar  feature  of  this  tyi)e,  and  one  which  is  not  common  on 
any  other  type  in  the  area,  is  the  occurrence  of  numerous  fresh-wa- 
ter springs,  formed  by  the  water  soaking  down  tlirough  the  porous 
S(»ils  resting  as  a  manile  upon  tlie  Cretaceous  shales  until  the  imper- 
vious clay  and  shale  are  reached,  when  it  ilows  laterally  and  issues 
from  the  sides  of  the  hills. 

Owing  to  the  stiff,  tenacious  cliaracter  of  tlie  soil  and  its  location 
upon  the  steep  sides  of  the  bluiYs,  this  ty|)e  has  very  little  agricul- 
tural value  except  as  a  pasture  for  sheej)  and  cattle.  Owing  to  the 
numerous  springs  it  su])ports  a  good  growth  of  pasture  grass. 
There  is  a  use,  however,  to  which  this  type  is  well  adapted,  and  that 
is  tlie  growth  of  forest  trees.  Wherever  there  is  a  spring  on  the 
hillside  and  along  every  ravine  which  carries  water,  there  is  to  be 
found  a  g(.")od  growth  of  oak,  ash,  elm  and  other  hardwood  trees.. 
At  \'alley  City  this  type  is  covered  by  such  a  growth. 

The  following  table  gives  mechanical  analyses  of  this  type  of 
soil : 
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srorx  FIXE  sandy  loam. 

The  Sioux  fine  san:ly  loam  consists  of  from  one  foot  to  two  feet  of 
very  fine  sandy  loam  of  dark-brown  to  grayish  color,  resting  on  a 
subsoil  of  the  same  texture  with  a  depth  of  several  feet,  but  chang- 
ing in  color  at  about  the  third  loot,  where,  out  of  reach  of  decaying 
organic  matter,  it  becomes  gray.  The  Sioux  fine  sandy  loam  is 
found  in  the  James  river  and  Sheyenne  river  valleys  and  is  of 
purely  alluvial  origin,  being  a  wash  of  the  finer  sands  of  the  prairie 
type,  Marshall  loam,  deposited  as  sediment  in  times  of  high  water 
or  when  these  streams  stood  at  higher  levels.  In  the  James  River 
valley,  in  the  vicinity  of  Jamestown,  this  type  is  closely  associated 
with  the  tyj)e  Riverwash,  upon  w-hich  the  city  itself  is  built.  The 
latter  type  was  deposited  in  glacial  times  when  the  James  river  was 
a  torrent,  while  the  type  under  discussion  is  a  post-glacial  deposit 
and  overlies  the  former. 

This  soil,  though  quite  limited  in  extent,  is  one  of  the  most  desira- 
ble in  the  area.  Because  of  its  location,  it  is  usually  w-ell  supplied 
with  moisture,  even  in  the  driest  season.  This  fact,  together  with 
its  fine,  loose,  loamy  texture,  makes  it  well  adapted  to  all  farm  crops 
of  the  area. 

Wherever  this  soil  is  found  it  is  under  cultivation.  The  average 
yield  of  wheat  is  twenty-five  bushels  per  acre,  but  forty  bushels  is 
not  an  uncommon  yield.  I'^lax  averages  twenty  bushels,  the  average 
yield  for  barley  is  forty  bushels,  and  oats  sometimes  yield  as  high 
as  seventy  bushels  per  acre.  In  the  vicinity  of  Jamestown  the  soil 
is  used  extensively  to  supply  the  local  demand  for  truck.  The  com 
which  is  being  acclimated  to  the  region  seems  to  do  especially  well 
uiK:)n  this  type,  sometimes  yielding  as  high  as  sixty  bushels  per 
acre.  In  the  vicinity  of  Jamestown  some  alfalfa  has  been  success- 
fully seeded  upon  this  soil.  It  is  also  well  adapted  to  millet,  pigeoa 
grass  and  brome  grass. 

In  a  few  cases  this  type  has  been  irrigated  and  as  it  lies  conven- 
ient to  the  rivers  more  of  it  will  probably  be  brought  under  this  form 
of  cultivation  in  the  future.  The  results  from  irrigated  areas  have 
so  far  been  very  satisfactory. 

The  following  table  gives  mechanical  analyses  of  typical  samples 
of  the  soil  and  subsoil  of  this  type: 
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MIAJII  ULACK  CLAY  I.OAM. 

The  Miami  black  day  loam  is  of  a  very  silty  or  clayey  texture  and 
has  an  average  depth  of  twelve  inches.  The  color  of  the  soil  varies 
from  dark  brown  to  black,  depending  tipon  the  anioiuit  of  organic 
matter  present  and  the  state  of  its  decomposition.  The  subsoil  to 
a  depth  of  three  feet  or  more  contains  more  clay  than  the  soil  and 
has  less  organic  matter  incorporated  with  it.  lis  color  varies  from 
dark  brown  to  gray.  A  few  concretions  of  iron  oxides  were  found 
in  the  lower  depths  of  the  snhsoil. 

The  Miami  black  clay  loam  is  more  or  less  widely  distribnled  over 
the  entire  area  and  is  fonnd  in  depressions  that  were  at  one  time 
ponds  or  small  shallow  lakes.  There  arc  usually  little  beaches  of 
sand  and  gravel  and  some  larger  rocks  around  the  outsido  of  these 
depressions,  showing  that  at  some  former  time  they  were  filled  with 
water. 

Since  the  first  breaking  up  of  the  prairie  some  of  these  low  wet 
places  have  been  reclaimed  and  are  now  among  the  most  proiUigtive 
lands  of  the  area,  and  eventually  all  the  shallow  lakes  of  the  area 
will  give  place  to  tracts  of  this  soil.  Probably  not  more  than  one 
per  cent  of  this  type  is  under  cultivation.  The  type  is  especially 
adapted  to  the  growing  of  hay. 

Since  the  breaking  up  of  the  original  prairie  and  the  destruction 
of  the  prairie  grass,  the  problem  of  hay  production  has  become  very 
serious.     It  would  be  better  never  to  put  the  areas  mapped  as  Miami 
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black  clay  loam  under  cultivation,  but  to  reserve  them  as  meadows. 
The  following  table  gives  mechanical  analyses  of  typical  samples 
of  this  soil : 
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MARSHALL   LOAM. 

The  soil  of  the  Marshall  loam  is  of  brown  to  dark  brown  color, 
has  an  average  depth  of  seven  inches  and  varies  in  texture  from  a 
niediuni  fine  to  fine  sandy  loam.  The  first  foot  of  the  subsoil  is 
usually  of  the  same  toxlure  as  the  soil,  but  the  jiiaterial  becomes 
somewhat  heavier  as  tlie  depth  increases.  The  color  of  the  subsoil 
when  dry  ranges  from  light  brown  in  the  first  foot  to  gray  in  the 
second  ff-iot,  becoming  yellowish  when  wet.  The  dry  subsoil  heaped 
aroimd  the  months  of  gopher  and  badger  burrows  presents  an  ap- 
jK'araiice  not  unlike  that  of  wood  ashes.  Scattered  upon  the  surface 
and  disseminated  through  both  soil  and  subsoil  are  fragments  of  rock 
varying  from  the  size  of  a  pea  to  large  glacial  bowlders. 

This  i.s  the  most  extensive  type  in  the  area.  It  is  typically  devel- 
oped east  and  west  of  Jamestown.  The  toj^ography  is  gently  undu- 
lating, ninrkcd  by  a  succession  of  low  hills,  knolls,  and  shallow  de- 
pressions locally  known  as  "bog  holes."  In  many  places  the  latter 
are  too  wet  and  swami>y  to  admit  of  cultivation,  but  since  the 
breaking  up  of  the  prairie  soil  of  the  region  many  of  these  have  be- 
come so  thoroughly  dried  out  that  they  arc  cropped  with  the  same 
ease  as  the  higher  prairie  soil  adjoining.  In  several  places 
in  the  area,  especially  in  the  region  south  of  Sanborn,  this  type  of 
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soil  is  marked  by  morainic  hills,  a  few  of  which  rise  to  200  feet  above 
the  adjoining  prairie. 

The  tops  of  these  moraines,  both  on  account  of  excessive  drain- 
age and  the  lighter  texture  of  the  soil,  arc  very  subject  to  drought 
and  hence  are  of  little  agricultural  value  except  for  pasture.  The 
lighter  texture  of  the  soil  is  due  to  the  fact  that  the  finer  particles 
have  been  washed  down  to  lower  lying  lands.  This  same  fact  ac- 
counts for  the  heavier  phase  of  Marshall  loam  in  the  depressions 
between  the  morainic  hills.  The  fact  that  nearly  the  whole  area  is 
a  region  of  little  definite  drainage  is  very  beneficial  because  the  rain, 
instead  of  ])eing  carried  off  by  streams  and  coulees,  is  allowed  to 
soak  into  the  ground.  Along  the  James  river  and  Ten  Mile  cou- 
lee, east  of  Jamestown,  the  evil  effects  of  extreme  conditions  of 
drainage  in  a  region  of  slight  rainfall  are  plainh'  apparent.  For  a 
distance  of  from  one-half  mile  to  two  miles  on  each  siile  of  these 
streams  tlie  type  under  discussion  is  so  dry  as  to  be  almost  worth- 
less except  as  pasture,  supporting  only  a  scanty  growth  of  wild 
grasses. 

South  and  west  of  Jamestown  only  about  one-half  the  area  of  this 
soil  has  ever  been  cultivated,  while  farther  east  it  is  nearly  all  un- 
der cultivation.  The  unbroken  areas  are  covered  with  a  dense  sod 
of  ver\'  nutritious  natural  prairie  grass.  In  the  depressions,  where 
the  conditions  of  moisture  are  better,  this  prairie  grass  grows  very 
luxuriantly,  and  is  very  valuable  for  hay.  In  those  parts  of  the 
area  where  this  type  is  all  under  cultivation  the  need  of  prairie  hay 
is  sorely  felt,  and  millet  is  being  quite  extensively  grown  to  supply 
the  deficiencv. 

Wheat,  flax,  oats  and  barley  are  the  leading  crops,  and  to  these 
this  soil,  in  a  favorable  season,  is  well  adapted.  In  good  years 
wheat  gives  an  average  yield  of  twenty  bushels  per  acre,  but  un- 
der the  most  favorable  conditions  it  sometimes  gives  as  nnich  as 
thirty-five  bushels.  The  average  yield  of  flaxseed  is  about  fifteen 
bushels,  but  this  crop  has  been  k.nown  to  yield  as  much  as  twenty- 
five  bushels  per  acre.  The  average  yield  ])er  acre  of  barley  is  about 
thirty  bushels,  and  that  of  oats  about  forty-five  bushels.  A  variety 
of  corn  is  lx»ing  acclimated  to  the  type,  and  with  a  fair  amount  of 
rain  and  a  season  of  ordinary  length  promising  results  are  obtained. 

The  following  table  gives  mechanical  analyses  of  tj-pical  samples 
of  fine  earth  of  this  soil : 
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The  rivcrwash  consists  of  about  twelve  inches  of  brown  or  gray- 
ish-brown sandy  loam  iinderlain  with  coarse  sand  and  gravel,  loose 
siialc  and  large  shalo  biuiildcrs,  often  to  a  deptli  of  fifty  fivt.  The 
soil  is  merely  a  wash  of  fine  sand  from  adjoining  bluffs  and  prairies. 
and  is  a  veneer  over  the  coarse,  louse,  porous  sand  and  gravel  which 
underlies  it.  The  subsoil  consists  entirely  of  a  collection  of  coarse 
sand  and  gravel  in  the  protected  places  along  tlie  streams  when 
tjicse  were  glacial  torrents.  For  example,  the  coarse  sand  and 
gravel  upon  which  the  city  of  Jamestown  is  built  was  deposited  on 
the  inner  bend  of  the  river  at  tliat  ]X)int,  The  same  cause  is  as- 
signed for  the  accuniulalion  of  the  great  quantities  of  sand  and 
gravel  in  the  vicinity  of  \"allcy  City. 

This  tyi>e  is  also  found  in  various  parts  of  the  area  Ixjtwcen  the 
James  anil  Sheyenne  rivers.  It  is  here  associated  with  old  water- 
ways, |irol)[|bIy  unused  since  glacial  times. 

The  tyjie  is  locally  known  as  "second  bench  land"  and  except  for 
jiaslure  is  held  in  low  esteem  for  agricultural  purposes.  In  some 
places  it  is  so  dry  that  it  docs  not  furnish  sufficient  grass  even  for 
pasture. 


The  areas  mapped  as  meadow  represent  a  condition  of  low, 
marshy  depressions  found  in  the  lowest  ]xirtions  of  the  valleys  out- 
side of  tlio  lames  au'l  Sheyenne  valleys.     The  reason  that  no  snch 
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conditions  exist  along  the  courses  of  these  streams  is  that  their  sys- 
tem of  drainage  is  well  established  and  there  are  no  marshy  de- 
pressions adjoining  them.  The  type  meadow  is  found  most  exten- 
sively along  the  "dry  waterways"  in  the  region  between  the  James 
and  Sheyenne  rivers  and  represents  a  condition  where  no  definite 
system  of  drainage  has  been  established  since  the  retreat  of  the  ice 
sheet. 

The  meadow  is  closely  associated  with  the  type  riverwash  and 
Marshall  stony  loam,  since  they  are  all  found  along  abandoned  wa- 
ter courses;  but  it  dilTcrs  from  the  riverwash  in  that  the  latter  is 
higher  and  looser  in  texture  and,  therefore,  too  thoroughly  drained, 
and  from  the  deeper  phase  of  the  Marshall  stony  loam  in  that  the 
latter  type  is  a  little  higher  and  adapted  to  the  ]~)roduction  of  hay 
and  for  ])asturage. 

The  areas  mapix^d  as  meadow  su])port  only  the  coarsest  and  rank- 
est kintl  of  marsh  grass,  which  has  no  value  whatever  as  hay  and 
very  little  as  a  pasture  food.  I'nder  the  present  conditions  these 
areas  have  no  agricultural  value  except  as  watering  places  for  stock, 
and  often  the  water  is  too  alkaline  for  that  purpose.  Tn  most  loca- 
tions the'conditions  would  be  greatly  improved  by  artificial  drain- 
age. 

AGRICULTURAL  METHODS. 

The  early  settlers  who  came  from  the  east  fnuid  cc^iditions  in 
the  northwest  very  different  from  those  they  left.  Tn  the  area  sur- 
veyed, and  in  the  adjoining  prairie  region,  there  were  no  forests 
to  be  cleared  and  no  rocks  to  be  gitliered.  The  ])ioneer  had  simply 
to  build  his  sod  house  and  barn,  both  of  which  were  sometimes  un- 
der the  same  roof,  turn  up  the  rich  virgin  soil  of  the  |)rairie,  and  sow 
his  seel. 

The  first  "breaking"  of  tbe  i^rairie  sod  was  always  shallow  and 
with  a  single  plow.  The  w^rk  of  breaking  began  as  early  in  the 
spring  as  possible  and  extended  into  Jnly  and  August.  The  virgin 
sofl  i*.  so  tough  that  only  the  single  ])lo\v  can  be  used.  The  shal- 
lower the  plowing  the  better.  ]>r')vided  the  grass  roots  are  cut  just 
Ixdow  the  main  root.  During  the  suinmer  months  tlie  sod  lx?comes 
thoroughly  rotted  and  pulverizes  readily  when  the  ground  is  turned 
again  in  the  fall.  Fall  plowing  begins  al)out  the  middle  of  August 
and   continues  until  frost.     The  next  spring,   as  soon  as  possible, 
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wheat  is  sown  with  a  seeder  and  this  is  followed  by  a  smoothing 
harrow.  Flax  is  the  only  crop  ever  sown  in  the  spring  after  the 
first  plowing,  because  it  is  then  too  late  for  wheat  or  other  small 
grain.  Because  of  the  fungus  disease  popularly  known  as  flax 
wilt,  flax  is  seldom  sown  upon  any  but  new  land  and  then  only  for 
a  year  or  two. 

After  the  prairie  has  once  been  broken  all  plowing  is  done  in  the 
fall.  This  is  usually  done  with  a  gang  plow,  turning  two  furrows 
at  a  time.  In  order  to  fill  the  air  spaces  and  thus  prevent  the  fur- 
row slices  from  drying  out,  the  plow  is  sometimes  followed  by  a 
smoothing  harrow,  and  sometimes  the  plow  has  a  harrow  attach- 
ment, thus  doing  all  the  work  at  once.  The  ground  is  harrowed 
once  in  the  spring  before  drilling.  Wheat  is  sown  as  the  first  crop 
in  the  rotation.  It  is  followed  by  barley  and  then  by  oats.  The 
most  successful  farmers  let  the  lands  lie  fallow  during  the  fourth 
summer,  bringing  up  at  that  plowing  an  inch  or  so  of  tiie  new 
soil.  In  this  way  the  new  soil  is  acted  upon  by  the  weather  and 
also  by  the  soil  bacteria  during  the  summer  and  winter  months. 
Some  cultivated  crop  like  corn  is  considered  nearly  equivalent  to 
summer  fallowing.  .* 

As  vet  no  commercial  fertilizer  has  ever  been  used  in  the  area, 
and  until  recent'lv  manv  farmers  have  drawn  their  manure  out  in 
piles  and  burned  it,  believing  it  to  be  more  injurious  than  beneficial 
to  the  soil.  In  the  early  days  it  had  a  tendency  to  make  the  growth 
of  straw  too  rank,  but  since  tlie  productiveness  of  the  soil  has  de- 
clined through  constant  cropj)ing,  manure  has  been  found  to  have 
a  decidedly  beneficial  eflfect.  When  coarse  manure  is  turned  im- 
der  it  has  a  tendency  to  make  the  soil  too  dry,  and  the  manure  is 
often  drawn  out  in  piles  and  allowed  to  rot  and  disintegrate  before 
using.  One  popular  method  is  to  spread  it  u|X)n  the  ground  after 
the  fall  plowing  and  allow  it  to  leach  into  the  soil  during  the  winter 
and  spring  months.  Before  seeding  the  coarse  litter  is  sometimes 
raked  up  into  piles  and  burned. 

AGRICULTURAL   CONDITIONS. 

The  value  of  the  soils  of  the  area  in  the  production  of  wheat,  flax 
and  other  crops  is  shown  by  the  prosperity  of  the  farming  class. 
Until  recently  the  thoughts  of  the  farmers  were  taken  up  with  the 
acquiring  of  land.     This  accomplished  and  a  few  successful  crops 
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harvested,  they  have  turned  their  attention  to  improving  the  land 
and  beautifying  the  home.  The  sod  house  and  barn  of  pioneer 
days  have  been  replaced  by  wood  and  stone  structures,  and  most 
of  those  who  have  been  in  the  area  for  any  lengtii  of  time  have 
built  for  themselves  good,  substantial  houses.  As  yet  there  are  only 
a  few  large  barns  in  the  area,  which  may  be  accounted  for  by  the 
practice  of  threshing  directly  from  the  field  and  taking  the  grain 
at  once  from  the  machine  to  the  elevators  or  cars.  The  necessity  of 
large  barns  and  sheds,  however,  is  felt  wherever  stock  raising  is 
carried  on  as  an  auxiliary  to  grain  growing.  One  thing  which  has 
retarded  the  building  of  large  barns  has  been  the  high  price  of 
building  material,  nearly  all  of  which  must  be  brought  long  distances 
from  the  states  of  Oregon  and  Washington. 

Ten  years  ago  the  unbroken  j^rairie  land  could  be  purchased  for 
$7  an  acre.  At  that  price  some  paid  for  their  farms  with  the  prof- 
its of  a  single  crop.  All  those  who  availed  themselves  of  the  oppor- 
tunity to  purchase,  if  ihey  have  been  industrious  and  economical, 
have  now  a  good  bank  account  and  a  farm  clear  of  incumbrance, 
with  ample  stock  and  machinery  for  carrying  on  all  farm  opera- 
tions. 

Since  then  land  values  have  been  increasing,  and  without  any 
additional  expense  on  the  farmer's  part  the  value  of  the  farm  has 
in  nearly  all  cases  doubled  and  in  some  cases  trebled.  Nearly  all 
the  land  in  the  eastern  i)art  of  the  area  has  more  than  doubled  in 
value,  and  at  present  the  average  price  is  alx)ut  $"35  an  acre.  In 
the  western  part  of  the  area,  in  the  vicinity  of  Janiestown,  only 
about  one-half  of  the  prairie  has  been  successfully  put  under  culti- 
vation, and  the  prices  range  from  $10  to  $?0  an  acre,  depending  upon 
the  nearness  of  the  farms  to  Jamestown,  or  on  their  adaptability  to 
the  crops  of  the  region.  The  days  of  unlimited  range  have  ended,  be- 
cause the  country  is  so  thickly  settled,  but  there  are  still  many  cat- 
tle grazing  upon  the  prairie  west  of  Jamestown.  The  land  values 
in  the  western  part  of  the  area  have  also  doubled  and  in  some  cases 
trebled  during  the  past  ten  years,  and  in  the  future  there  is  l)Ound 
to  Ik  a  continued  increase  in  the  value  of  agricultural  lands  through- 
out the  region. 

The  farms  of  the  area  are  nearly  all  operated  by  the  owners. 
Those  worked  by  tenants  are  rented  for  periods  of  from  one  to 
three  vears.     It  is  not  usual  for  a  man  of  industry  and  economy  to 
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work  as  a  tenant  for  more  than  three  years,  because  by  this  time 
he  is  usually  able  to  take  up  a  quarter  section  in  his  own  name.  In 
a  locality  like  the  morainic  hills  southeast  of  Sanboni.  where  the 
farms  are  rented  to  tenants  year  after  year,  it  is  usually  an  indication 
that  the  lands  are  undesirable  for  g^rowing^  crops.  In  consideration  for 
the  use  of  his  land  the  owner  receives  a  share  of  the  crop.  The 
proportion  is  usually  one-half  of  the  crop  where  the  owner  furnishes 
half  the  seed  and  pays  one-half  the  threshing  bill.  Owing  to  the 
uncertainty  of  the  seasons,  either  from  drought,  hail  or  frost,  it  is 
very  unusual  for  the  tenant  to  pay  cash  rent,  preferring  to  take  the 
chances  of  getting  a  reasonable  profit  for  his  labor  from  a  half 
crop.  In  prosperous  times  the  owner  usually  prefers  to  operate  his 
own  land,  because  the  i)rofits  are  so  great,  and^  general  desire  on 
the  part  of  owners  to  rent  their  farms  usually  indicates  cither  a  se- 
ries of  unfavorable  vcars  or  inferior  land. 

Tlio  size  of  the  farms  varies  from  IGO  to  about  2,000  acres,  the 
average  size  being  320  acres.  Sivallcr  farms  than  these  do  not  con- 
.tain  cncmgh  pasture  for  stock,  and  for  the  ordinary  man  a  larger 
farm  than  half  a  section  makes  it  necessary  to  hire  so  much  help 
that  the  profits  are  destroyed.  The  prosperity  of  Jamestown  and 
Valley  City  and  the  small  intervening  towns  is  in  no  small  part  due 
to  the  fact  that  there  are  no  such  large  farms  as  in  the  Red  river 
valley,  and  that  the  farmer,  instead  of  bending  all  his  energies  to 
seeding  the  largest  possible  area,  devotes  more  time  to  a  better 
preparation  of  the  soil.  Under  this  system  the  ])rofits  in  any  one 
year  may  not  be  so  large,  but  they  are  more  certain. 

Although  the  average  size  of  the  farms  in  the  area  is  only  320 
acres,  there  is  a  tendency  toward  still  smaller  holdings  and  l>etter 
methods.  In  the  western  part  of  the  area,  where  tlie  rainfall  is 
less  tlian  in  the  eastern  part,  anrl  where,  aUo,  the  soils  are  lighter, 
the  most  successful  farmers  have  learned  that  they  must  combine 
stock  raising  with  general  farming  if  they  are  to  avoid  failure  in 
unfavorable  years.  Where  stock  is  kept  and  good  use  is  made  of 
the  manure  much  better  crops  are  produced. 

The  labor  problem  becomes  a  very  difficult  one  to  solve  in  some 
years,  es])ecially  when  the  farmer  owns  so  much  -land  that  he  is 
obliged  to  hire  a  great  deal  of  help  to  handle  the  crops.  During  or- 
dinarv  seasons  the  demand  for  dav  laborers  is  met  bv  the  larsre  force 
of  men  who  come  into  the  state  from  all  parts  of  the  east  and  es- 
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ally  from  the  nearby  eastern  states.  But  in  years  of  exception 
L^lds  the  demand  for  men  is  greater  than  the  supply  and  und 
i.czrl-1  circumstances  the  wage  of  labor  becomes  almost  prohibiti\ 
ix"».c:e  these  men  remain  in  the  state  for  but  a  few  weeks,  at  moj 
often  take  little  interest  in  their  work  and  their  general  ef 
cy  is  low.  The  average  rate  of  wages  paid  to  harvest  han( 
the  last  five  years  is  about  $1.75  a  day.  The  average  for  tl 
t  two  years  is  $3.25.  Occasionally  $3.50  is  paid,  but  this  is  n 
al.  The  tendency  is  toward  still  higher  wages,  and  since  tl 
e  of  farm  products  has  gone  down  the  farmer  can  not  afford 
This  is  having  a  salutary  effect  upon  the  prosperity  of  tl 
Lnty.  The  farmer  is  learning  that  it  is  never  profitable  to  ha^ 
xe  land  than  he  and  his  family  can  work,  or  at  least  no  more  tliJ 
and  one  man  hired  by  the  year  can  work.  The  usual  wage  1 
year  is  $30  per  month,  with  board  and  lodging, 
wing  to  the  severity  of  climate  no  winter  wheat  is  grown.  Mac 
^^i  wheat  has  been  introduced,  and  though  it  commands  a  pri< 
"^^siderably  below  that  of  other  wheat,  the  fact  that  it  yields  aboi 
bird  more  is  making  it  popular.  Since  recent  experiments  ha^ 
nonstrated  the  value  of  the  bread  made  from  this  wheat,  stror 
^  ^uence  has  been  brought  to  bear  upon  grain  dealers  to  recogni: 
-  ^  value,  and  it  bids  fair  soon  to  become  an  important  rival  of  tl 
^^^er  varieties  of  wheat. 

Flax  has  always  been  one  of  the  important  crops  of  the  are 

^"^snding  next  to  wheat.     As  yet  the  farmers  have  not  had  as  serioi 

^'^ouble  with  flax  wilt  as  have  the  farmers  in  the  Red  River  valle 

*^owever,  it  is  well  recognized  that  flax  is  a  crop  very  exhaustir 

^o  the  soil,  and  that  it  will  not  do  to  crop  with  flax  continuously  f( 

^ore  than  two  years  in  succession. 

Oats  and  barley  are  among  the  profitable  grain  crops  of  the  are 
As  yet  only  a  small  quantity  of  corn  is  grown.  The  principal  difl 
culty  with  this  crop  is  that  the  season  is  not  quite  long  enough.  Tl 
variety  grown  is  a  small;  inferior  kind,  but  by  careful  selection  < 
seed  and  breeding  much  has  been  accomplished  toward  getting 
variety  better  in  quality  and  better  adapted  to  the  short,  cool  grov 
ing  season. 

From  the  appearance  of  sugar  beets  seen  in  gardens  it  wou' 
seem  that  this  crop  might  be  added  to  the  products  of  the  are 
but  the  practicability  of  establishing  this  industry  on  a  commerci 
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scale  should  be  proved  by  ample  experiments  both  in  growing  beets 
and  in  determining  their  sugar  content. 

As  yet  but  a  few  tame  grasses  have  been  grown  in  the  area,  and 
since  so  much  of  the  prairie  grass  lands  has  been  brought  under  cul- 
tivation the  problem  of  hay  production  is  becoming  very  serious. 
Brome  grass  has  been  sown  by  some  with  a  fair  degree  of  success 
and  with  utter  failure  by  others.     The  experiments  with  it   seem 
to  show  that  with  careful  preparation  of  the  soil  it  will  become  a 
valuable  grass  for  the  region.     Alfalfa  has  been  seeded  on  one  farm 
in  the  area,  but  the  experiment  has  not  been  under  way  long  enough 
to  decide  definitely  how  profitable  a  crop  it  will  prove  to  be.     So  far 
it  would  seem  that  it  can  be  successfully  grown.     The  native  hay 
grown  in  the  sloughs  and  marshes  is  tall  ami  coarse,  though  if  not 
allowed  to  become  too  ripe  is  very  nutrious  and  makes  excellent 
feed  for  both  cattle  and  horses.     That  produced  upon  the  higher 
and  drier  soil  is  fine  and  short  and  is  considered  somewhat  poorer 
in  quality  than  tlie  product  of  the  lowlands.     The  average  price  for 
unbaled  hay  is  about  $5  a  ton.     Millet  is  grown  quite  extensively 
for  hay.     The  quality  is  good,  but  it  is  almost  entirely  for  cattle, 
not  being  considered  a  desirable     feed     for    horses.     Potatoes  are 
grown  for  local  consumption.     In  quality  and  size  they  arc  scarcely 
excelled  by  those  grown  anywhere.     The  average  yield  is  about  loO 
bushels  i)er  acre.     No  potatoes  are  shipped  out  of  the  area  because 
of  the  great  distance  to  markets. 

Owing  to  the  constant  demand  for  grain,  the  farmers  of  this  sec- 
tion are  always  sure  of  a  ready  market  for  their  crop.  Two  grist 
mills,  one  at  Valley  City  and  the  other  at  Jamestown,  together  con- 
sume more  wheat  than  is  grown  within  the  area  surveyed.  Yet 
not  all  of  the  wheat  is  sold  to  these  mills.  The' numerous  eleva- 
tors along  the  railroads,  by  their  active  competition  with  the  mills, 
cause  large  quantities  of  wheat  to  find  a  market  at  the  mills  at  Min- 
neapolis, St.  Paul,  Duluth  or  Superior.  Later  in  the  season  it  be- 
comes necessary  to  ship  in  wheat  to  keep  the  home  mills  running. 
During  the  season  of  li)03  the  \'alley  City  mill  alone  was  compelled 
to  import  110,000  bushels.  A  conservative  estimate  of  the  amount 
of  wheat  that  will  be  ground  by  the  two  mills  during  the  season 
of  1003  is  1,000,000  bushels.  About  one-half  of  the  flour  is  sold 
within  the  larders  of  the  state,  one-third  of  the  remainder  in  the 
western   states,   and  the   remaining  amount   is   shipped   largely  to 
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r»oston,  whence  much  of  it  is  exported  to  the  British  markets.  A 
great  deal  of  the  barley  is  used  for  malting  purposes  and  is  dis- 
posed of  chiefly  in  the  nearby  eastern  cities.  The  flax  is  sold  in 
Russia,,  and  the  oats,  of  which  large  quantities  are  grown,  are  nearly 
all  consumed  on  the  farms  where  they  are  produced,  or  within  the 
towns  in  the  area. 

Situated  along  the  main  line  of  the  Northern  Pacific  railroad,  the 
area  is  in  direct  communication  with  both  the  eastern  and  west- 
ern markets.  From  the  east  this  road  brings  in  immense  quantities 
of  farm  machinery,  while  from  the  state  of  Washington  it  serves 
as  a  direct  route  for  the  imix)rtation  of  the  buikling  material  so  nec- 
essary to  the  development  of  this  treeless  region.  The  Minneapo- 
lis, St.  Paul  &  Sault  Ste.  Marie  railroad,  passing  through  X'alley 
City,  forms  a  second  direct  line  to  Minneajxjlis  and  St.  Paul  and 
joins  the  area  with  the  grain  belt  of  the  great  northwest.  These  two 
lines,  by  their  close  competition,  give  the  region  excellent  trans- 
pcjrtation  facilities  in  l>Dth  their  freight  and  passenger  departments. 
From  Sanborn  a  branch  of  the  Northern  Pacific  railroad  extends 
through  a  fertile  region  to  McHenry,  abouf  fifty  miles  to  the 
north.  Another  branch  of  more  importance  crosses  the  main  line 
of  the  Northern  Pacific  railroad  at  Jamestown,  connecting  on  the 
north  with  the  Minneapolis,  St.  Paul  &  Sault  Ste.  Marie  line  and 
the  Great  Northern  railroad,  and  on  the  south  with  branches  of 
these  same  roads. 

Along  each  of  these  lines  are  frequent  grain  stations,  with  eleva- 
tors, which  give  the  farmers  excellent  storage  facilities  with  a  mini- 
mum amount  of  handling.  Besides  the  advantage  accruing  from 
goofl  storage  facilities  at  these  elevators,  the  farmer  has  the  satis- 
faction of  seeing  his  grain  graded  before  it  knaves  his  own  hands, 
r^rom  Eldridge  to  \'alley  City,  a  distance  of  forty-two  miles,  there 
are  nine  of  these  stations  where  elevators  are  located.  A  few  of  the 
farmers  load  their  grain  directly  into  the  cars  on  their  own 
responsibility,  and  while  the  practice  saves  the  expense  of  storage 
it  has  the  disadvantage  of  delaying  the  grading  until  after  shipment 
and  of  placing  all  risk  of  loss  by  leakage  on  the  shipper. 
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SU.MMARY  OF  THE  REPORT  ON  THE   CANDO  AREA. 

By  E.  O.  Pippin. 

During  the  summer  of  1904  a  soil  survey  was  made  covering  288 
square  miles  in  the  southern  part  of  Towner  county.  (See  prog- 
ress map,  figure  1.)  The  state  through  its  Agricultural  and  Geo- 
logical Surveys,  cooperated  with  the  buijeau  of  soils  of  the  United 
States  Department  of  Agriculture,  furnishing  two  men  who  as- 
sisted the  bureau's  men  (for  about  forty  days)  in  the  prosecution 
of  the  field  work. 

This  survey  included  the  preparation,  on  a  scale  of  one  inch  to 
the  mile,  of  a  soil  map  showing  the  area  and  distribution  of  the  dif- 
ferent kinds  of  soil,  and  a  report  describing  these  soils  in  their 
relation  to  the  crops  now  grown  and  the  agricultural  methods  in 
use,  together  with  a  discussion  of  the  improvement  of  agricultural 
conditions  and  the  development  of  crops  especially  suited  to  the 
climate  and  the  soils.  The  map  and  report  will  be  published 
and  distributed  in  the  usual  way  by  the  Department  of  Agri- 
culture. We  are  enabled,  through  the  courtesy  of  the  bureau  of 
soils,  to  give  here  a  brief  summary  of  this  report. 

The  area  surveyed  includes  the  southern  eight  townships  of 
Towner  county,  and  occupies  an  undulating,  treeless  prairie,  emi- 
nently adapted  to  agriculture,  as  evidenced  by  the  good  average 
yields  of  all  the  crops  grown.  The  general  elevation  of  the  sur- 
face ranges  from  1,475  to  nearly  1,000  feet  above  sea  level.  The 
two  largest  towns  are  Cando  and  Maza,  on  the  St.  John's  branch  of 
the  Great  Northern  railroad. 

The  drainage  system  consists  of  several  large,  shallow  and  slug- 
gish streams  called  coulees.  Big  Coulee  is  the  main  stream,  and 
most  of  the  others  empty  into  it,  the  water  finding  its  way  finally 
into  Devils  lake.  There  are  also  numerous  other  small,  shallow 
depressions  found  on  the  rolling  upland  and  between  the  elevations, 
where  water  accumulates  to  form  swamps. 

The  superficial  material  of  the  region,  in  some  places  reaching 
to  a  depth  of  more  than  100  feet,  has  been  deposited  through  the 
agency  of  glacial  ice.  The  original  glacial  till  has  subsequently 
been  considerably  modified  by  the  floods  that  attended  the  retreat 
of  the   ice   margin.     It  was  this   large  volume  of  water   passing 
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through  the  area  that  formed  the  coulees  and  left  the  large  deposits 
of  fine  material  which  enters  into  several  of  the  local  types  of  soil. 

Five  types  of  soil,  differentiated  by  an  examination  of  the  sur- 
face material  to  a  depth  of  three  feet,  have  been  recognized.  Each 
is  characterized  by  peculiarities  of  texture  and  drainage,  and  has  a 
distinct  crop  producing  power.  Their  common  characteristic  is 
that  they  contain  a  relatively  high  i)ercentage  of  organic  material, 
and  are  consequently  dark  in  color. 

Areas  of  a  gravelly  soil  occupy  knolls  and  ridges  slightly  elevated 
above  the  surrounding  country,  and  because  of  its  porous  texture 
and  consequent  perfect  drainage,  it  produces  light  crop  yields. 

Limited  areas  of  fine,  sandy  loam  were  found,  generally  occupying 
slightly  elevated  positions.  The  soil  is  of  a  rather  fine  sandy  or 
silty  texture,  and  because  of  its  slightly  elevated  position  and  good 
drainage  it  is  an  early  soil,  better  fitted  to  the  production  of  corn 
and  vegetables  than  to  the  cereal  grains. 

Most  widely  distributed  of  the  types  recognized  is  a  loam.  The 
soil  consists  of  about  twelve  inches  of  heavv,  black,  sandv  loam  or 
loam,  under  \vhich  are  mingled  clay  and  gravel  of  the  glacial  till, 
rich  in  calcareous  material.  It  is  naturally  productive  soil,  but  the 
vields  are  considerablv  influenced  bv  the  seasons. 

Next  in  extent  to  the  loam  is  a  silt  loam,  which  is  found  chieflv 
in  the  eastern  half  of  the  area.  It  is  of  a  friable  texture,  easv  to 
cultivate,  and  withstanding  unfavorable  climatic  influences  better 
than  most  of  the  soils.  It  is  best  adapted  to  grain,  and  on  the 
whole  is  considered  the  most  jiroductive  soil  of  the  area. 

Scattered  in  small  patches  throughout  the  area  are  found  the  clay 
soils.  These  always  occupy  low,  undrained  swales,  and  unless 
thoroughly  drained  are  unfit  for  any  agricultural  purpose  other 
than  grazing  and  hay  production.  *■* 

GEXERAT.    CON'OniONS. 

There  is  a  comparatively  small  amount  of  alkali  in  the  soils, 
which  is  found  in  the  poorly  drained  positions  where  the  texture  is 
finest.  Small  spots  in  the  grain  fields  are  occasionally  injured. 
More  complete  drainage  and  thorough,  careful  cultivation  will  do 
much  to  correct  this  evil.  Thorough  removal  of  the  drainage 
water,  which  holds  the  salts  in  solution,  will  in  the  course  of  time 

Agr.  Col.  SnrT.— 9 
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remove  nuich  of  the  excess  of  salts,  and  cultivation  will  tend  to 
prevent  its  accumulation  at  the  surface  by  preventing  evaporation. 
The  chief  factor  that  controls  the  crop  yields  in  the  area  is  the 
moisture   supply,  and  this   llucluatcs   from  year  to  year  with  the 
variation   in    the   amount  of   rainfall.     Those  methods   which  aim 
at  storing  in  the  soil  the  largest  amount  oi  water,  and  holding  it 
until  such  lime  as  it  can  be  made  to  assist  plant  growth,  give  the 
best  yields   of  cr(^]»s.     Deep   ])lowing  and   the  maintaining  on  all 
plowed  surfaces  of  a  mulch  nf  two  or  three  inches  of  loose  soil  will 
do  nuieh  to  attain  this  result. 


SON.  SrRVEV  OF  THE  MIXOT  AREA. 

IjV  Rex.  E.  Willard. 

Location    of  the  .Irca.  —  The   area   included   in   this   survey  is 
located  in  Ward  county,  in  the  region  known  as  the  Mouse  River 
valley.     The  middle  pi>int  of  the  southern  Ixnmdary  of  the  area  is 
four  miles  north  of  the  citv  of  ?\lin«jt.     The  area  surveved  embraces 
a  tract  six  miles  north  and  snuth  bv  twelve  miles  east  and  west,  and 
contains  therefore  seventy-two   scjuare   nVues.  or    IG.OSO  acres.    U 
comprises  two  congressirinal  tijwnships,  which  for  convenience  will 
in  this  ])aper  be  descril)cd  by  their  congressional  designations,  viz, 
townshi])  IM]  north,  range  S'i  west,  and  township  l."i(;  north,  range 
83   west.     They     will     be     referred      to     as     LIG-S-i   and  15G-83 
respectively. 

The  soil  tsi^es  and  the  general  characteristics  of  the  area  here 
descril)ed  are  thought  to  be  fairly  representative  of  a  vast  area  in 
Ward,  liottineau  and  McITenry  counties.  This  portion  of  the 
state  was  once  the  scene  of  a  vast  lake  covering  within  the  present 
state  o(  \orth  Dakota  an  area  of  (^'ioO  stjuare  miles,  besides  an 
a]>pro.\im;itr]y  equal  art-a  in  Canada.  The  area  chosen  for  this  in- 
vestigation and  described  in  this  i^ai)er  is  so  situaterl  that  the  soils 
formed  (ii)  by  tlie  dejiosit  of  sediment  on  the  old  lake  bottom; 
(b)  those  modified  by  the  action  of  waves  and  currents  along  shore, 
and  (c)  thosc'  of  the  higher  lan«l  b?vond  the  limits  of  the  area  cov- 
ercd  by  the  lake,  are  represented. 

History  of  Scfflcnicnf.  —  Xorth  Dakota  is  one  of  the  younger  in 
the  sisterhood  of  states,  and  this  portion  of  the  state  has  been  set- 
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nuich  of  the  excess  of  salts,  and  cultivation  will  tend  to 
its  accumulation  at  the  surface  by  preventing  evaporation. 
hief  factor  that  ci^ntrols  the  crop  yields  in  the  area  is  the 
supply,  and  this  lluctuatcs  from  year  to  year  with  the 
L  in  the  amount  of  rainfall.  Those  methods  which  aim 
g  in  the  soil  the  lar^tst  amount  of  water,  and  holding  it 
*h  time  as  it  can  he  maile  to  assist  plant  growth,  give  the 
Ids  of  croT)S.  Deep  j^lowing  and  the  maintaining  on  all 
lurfaces  of  a  nuilch  »»f  two  or  three  inches  of  loose  soil  will 
to  attain  this  result. 


son.  Sl'R\T.V  OF  THE  MIXOT  AREA. 

JiV    RkX.    E.    W'lLLARD. 

on  of  the  Area. --The  area  included  in  this  survey  is 
n  Ward  county,  in  ihe  region  knv>wn  as  the  Mouse  River 
'J'he  mid'lle  pi-int  of  the  southern  l>oundary  of  the  area  is 
i-s  north  of  the  city  of  .Minot.  The  area  surveyed  embraces 
i\  miles  ni>rth  and  S'>uth  by  twelve  miles  east  and  west,  and 

therefore  seventy-two  Sfpiare  miles,  or  KJ.OSO  acres.  It 
's  two  congressional  townships,  which  for  conv«'niencc  will 
)a])er  be  'lesiTibcd  by  their  congressional  designations,  viz, 
)  !')(;  north,  range  S*i  west,  and  township  loi;  north,  range 
,  They  will  be  referred  to  as  ]r,ri-S-i  and  lofi-83 
ely. 

oil  tyjK'*^  and  the  general  characteristics  of  the  area  here 
1  are  tlu»ught  to  be  fairly  representative  (:»f  a  vast  area  in 
liottineau  and  Mcllonrv  connlies.  This  i)ortion  of  the 
N  nnce  the  scene  of  a  vast  lake  covering  within  the  present 

North  DalcMi.-i  an  area  of  ri.'i.'iO  sfjuare  nu'les.  besides  an 
nat'-ly  e(jual  an-a  in  Tanada.  The  area  chosen  for  this  in- 
[>n  and  discrilu-d  in  this  paper  is  so  situated  that  the  soils 
(a)  by  the  dei^osit  of  sedinuMit  tm  the  old  lake  bottom; 
e  nii^difierl  liy  the  action  of  waves  and  currents  along  shore, 

th<><"  r)f  the  hic^her  land  b.\vond  the  limits  of  the  area  cov- 
the  lake,  are  represented. 

v  of  SrttJcmcnf.  —  Xorth  Dakota  is  one  of  the  younger  in 
rhood  of  states,  and  this  ]Kirtion  of  the  state  has  been  set- 
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tied  only  a  very  few  years.  Five  years  ago  there  was  scarcely  a 
shack  outside  of  the  city  of  Minot,  and  no  roads  were  to  be  seen 
except  those  old  Indian  trails  leading  from  far  away  towns  to  some 
trading  station. 

\Vhen  the  people  of  the  United  States  and  of  other  countries 
began  to  learn  of  the  opiK^rtunitics  of  the  poor  man  in  this  region 
there  was  a  grand  rush  to  secure  desirable  farms.  Many  settlers 
had  little  idea  of  the  labor  and  hardship  that  must  he  exercised  if 
thev  desired  to  be  successful. 

The  homesteader  builded  his  GxlO  **shack"  and  began  his  ex- 
istence on  the  prairie.  According  to  law  the  homesteader  must 
make  a  certain  amount  of  imiTovement  upon  the  land  or  he  would 
be  liable  to  have  his  claim  contested. 

Generally  a  few  acres  of  sod  were  broken  and  a  little  llax  seed 
sown.  As  all  implements  and  horses  were  expensive,  the  first 
year's  work  was  frequently  not  well  done,  most  desiring  to  fulfill 
the  law  as  easily  as  possible.  As  a  rule  the  "breaking"  was  not 
more  than  two  inches  deep  where  it  should  have  been  at  least  five 
inches.  As  the  country  was  subject  to  drouth,  these  methods 
were  not  successful. 

Farm  machinery  has  always  been  expensive  and  th?  poor  settler 
must  get  along  with  as  little  as  possible.  For  these  reasons  the 
land  was  not  well  worked  and  the  drouth  had  a  much  more  serious 
effect. than  it  otherwise  would. 

.]>y  these  methods  the  moisture,  which  was  scarcely  ever  plentiful, 
was  quickly  evaporated.     The  crops  then  sufi*ered. 

Flax  was  usually  the  first  crop  to  be  sowed,  as  it  brought  the 
largest  financial  returns  for  the  least  amount  of  work.  Of  all  cro])s 
flax  injures  the  land  most,  and  when  sowed  successively  for  several 
years  the  land  is  materially  impaired. 

l]y  these  methods  and  th.e  fact  that  the  soil  is  somewhat  sandy, 
people  were  led  to  believe  that  agricultural  pursuits  could  not  Ix* 
successfully  carried  on,  as  year  after  year  the  croi)s  were  injured 
bv  drouth. 

As  more  settlers  came  and  learned  by  experience,  methods  were 
improved.  It  was  found  that  by  breaking  and  plowing  to  greater 
depths  there  would  be  less  danger  of  crop  failure.  Gradually,  as 
the  settlers  became  more  well-to-do,  they  were  able  to  have  a  better 
class  of  machinery  and  spent  more  time  working  the  land  before 
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crops  were  sown.    However,  even  at  present,  many  do  not  see  the 
Value  of  a  thorough  cultivation  of  the  soil. 

As  the  land  is  worked  more  thoroughly  and  more  is  broken  up 
there  is  much  less  fear  of  drouth,  although  the  annual  precipitation 
is  practically  the  same. 

Agricultural  development  has  been  very  rapid,  and  land  that  was 
formerly  considered  worthless  now  produces  good  crops.  This  is 
due  to  a  large  extent  to  the  improved  methods  of  farming. 

Climate.  —  The  growing  season  in  North  Dakota  is  short.  The 
ground  is  generally  frozen  until  some  time  in  April.  Frequently  it 
is  considerably  later  before  seeding  can  be  done.  The  crops  ripen 
in  August  generally.  Frosts  may  be  looked  for  in  September. 
The  ground  freezes  so  that  fall  plowing  ceases  usually  early  in 
November.  Severe  storms  have  been  known  to  occur  in  Septem- 
ber, though  not  commonly.  The  winters  are  cold,  but  usually  the 
weather  is  steady  and  not  subject  to  extreme  fluctuations,  so  that 
the  atmosphere  is  healthful  and  invigorating.  Winter  usually  sets 
in  in  November,  and  the  ground  often  remains  frozen  until  ApriL 

When  a  heavy  snowfall  occurs  in  the  early  winter  the  fanns  are 
not  materially  injured  by  the  cold.  The  snow  is  very  dry,  and  as 
it  is  usually  accompanied  with  wind  it  is  packed  into  drifts  hard 
enough  to  bear  the  weight  of  a  horse.  On  the  general  level  of  the 
prairie  there  is  not  usually  a  heavy  body  of  snow,  but  houses  have 
been  nearly  covered  by  the  piling  drifts.  The  temperature  frequent- 
ly stands  from  — 20  degrees  to  — 30  degrees  F.,  and  — 40  degrees 
has  been  known,  though  such  extreme  cold  is  not  common. 

Physiography,  —  The  surface  features  of  North  Dakota,  except 
that  portion  west  of  the  Missouri  river,  have  been  derived  from 
glacial  activities.  The  Mouse  river  winds  its  course  through  the 
northern  part  of  the  state.  It  enters  the  state  at  about  102  degrees 
west  longitude,  and  forms  an  ox-bow  which  encloses  about  6,250 
square  miles  of  area.  This  flat  or  basin  was  once  covered  by  an 
immense  bodv  of  water  known  as  Glacial  Lake  Souris. 

The  area  surveyed  and  described  in  this  paper  is  located  in  part 
on  tlie  old  lake  bottom  and  in  part  outside  the  territory  covered  bv 
the  lake.  Townships  15G-82  and  15G-83  were  mapped  with  regard 
to  the  general  character  of  the  land,  its  agricultural  value  and  tj'pes 
of  soil  as  determined  by  examination  of  texture  and  fertility. 
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The  Mouse  river  cuts  across  the  southwestern  corner  of  156-83, 
but  the  river  bed  is  not  included  in  the  area  surveyed.  Egg  coulee, 
one  of  the  largest  channels  in  the  region,  extends  through  the  north- 
east corner  of  156-82.  The  area  is  cut  by  many  coulees  and  glacial 
channels.  Morainic  hills  and  "pots  and  kettles"  and  fairly  level 
prairie  are  also  found  in  the  area. 

The  altitude  of  the  area  is  from  1,600  to  1,700  feet  above  sea, 
level.  In  tJie  eastern  part  of  the  area  is  a  broad  expanse  of  level 
or  slightly  undulating  prairie  which  was  formerly  a  portion  of  the 
bed  of  Lake  Souris.  The  shore-line  through  the  area  extends  from 
the  southwest  corner  of  150-82  in  a  direction  somewhat  wTSt  of 
north  through  150-83. 

West  of  the  shore-line  the  surface  is  more  hilly,  l>eing  morainic 
in  origin  and  character.  The  hills  are  rough  and  stones  occur  in 
large  numlx^rs  upon  the  crests  of  the  hills.  Between  the  hills  are 
many  **pots  and  kettles"  or  depressions  which  have  such  a  heavy 
subsoil  that  water  is  held  in  some  of  them  continuously. 

East  of  the  shore-line  of  the  old  lake  the  surface  is  more  level, 
and  is  therefore  better  farming  land.  In  the  northeastern  portion 
of  156-82  the  surface  is  broken  bv  manv  small  hills.  Between  these 
are  many  small  and  shallow  depressions.  These  hills  were  originally 
morainic  hills,  but  owing  to  the  action  of  the  lake  water  they  have 
been  worn  down  and  appear  smaller  and  more  regular  than  those  in 
the  western  part  of  the  area. 

Many  channels  or  coulees  occur  zigzagging  across  the  area  in 
various  directions.  These  are  generally  deep  and  narrow\  About 
the  heads  of  these  coulees  is  often  a  flat  fan-shaped  area.  A  low 
area  may  have  a  general  slope  from  all  sides  toward  one  place 
which  appears  to  be  the  head  of  the  coulee.  The  channel  immedi- 
ately becomes  deep  and  the  banks  serrated  by  many  cuts  and  irregu- 
larities. 

The  coulees  in  the  western  portion  drain  into  the  IMouse  river, 
but  those  of  the  east  and  south  discharge  into  the  locality  of  156-80 
and  seem  to  disappear.  These  latter  have  a  more  abrupt  beginning 
than  those  of  the  west.  Without  any  warning  a  channel  is  observed 
to  have  a  zigzag  course  across  the  country.  These  channels  were 
probably  made  by  glacial  waters.  They  have  contained  nnich  more 
water  in  ages  past  than  at  present.  Only  in  the  spring  is  there 
water  at  all,  and  then  no  perceptible  erosion  occurs  on  their  hot- 
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tonis.  Many  beds  of  gravel  and  sand  are  found  along  these  chan- 
nels. These  were  undoubtedly  deposited  by  swiftly  flowing  water. 
A  large  portion  of  the  bottcm  of  Egg  coulee  in  the  northeast  portion 
of  150-82  is  heavy  gravel. 

Terraces  or  **benches"  are  of  frequent  occurrence  on  the  banks  of 
the  larger  coulees.  These  are  generally  of  the  sandy  or  gravelly 
character. 

The  hills  in  the  southwestern  portion  of  156-83  are  a  part  of  a 
terminal  moraine.  The  large  stones  and  the  general  character  of 
the  hills  indicate  glacial  origin. 

IVard  Silt  Loam.  —  The  soil  type  that  covers  the  largest  portion 
of  the  area  will  be  termed,  for  convenience,  Ward  silt  loam.  Tlie 
soil  is  from  ten  to  twelve  inches  in  depth.  It  is  of  reddish-brown 
or  brown  color  and  is  a  fine,  sandy  loam.  It  sometimes  contains  a 
very  small  amount  of  gravel,  generally  of  limestone.  The  subsoil 
is  usually  of  two  or  three  strata.  A  stratum  of  sandy  loam  will  be 
encountered  and  a  stratum  of  siltv  material  which  contains  scarcelv 
any  grit.  It  is  probably  derived  from  a  limestone  formation.  Be- 
low there  is  a  stratum  of  heavy,  tenacious  loam.  This  is  variable 
in  color.  Frequently  there  are  mottled  streaks  of  red  and  gray  in 
a  brown  loam.  Sometimes  larg^e  amounts  of  gfvpsum  are  encoun- 
tered.    This  loam  continues  to  a  considerable  depth. 

The  type  covers  the  central  and  western  portions  of  150-82  and 
fh'j  northern  half  of  150-83.  Much  the  same  material  is  found  in 
the  soil  of  another  type,  that  of  the  low  hills.  The  Ward  silt  loam 
covers  an  area  of  gently  rolling  country,  which  contains  many 
''pans,"  or  shallow  de]:)ressions  of  a  few  square  rods  in  area.  These 
**I)ans"  are  not  generally  cultivated,  as  water  sometimes  stands  in 
them  years  at  a  time.  Luxuriant  grasses,  which  grow  in  these, 
make  excellent  stock  fond. 

Although  coulees  in  the  form  of  deep  channels  occur  upon  the 
type,  it  is  not  drained  to  more  than  a  slight  extent.  Frequently 
there  are  sloughs  and  ''pans"  which  contain  water  all  summer.  The 
coulees  do  not  drain  the  land  for  more  than  a  few  rods  from  their 
channels. 

This  type  was  formed  by  the  waters  of  Lake  Souris.  Originally 
this  was  all  nmrainic  or  hilly  country.  The  action  of  the  water  has 
leveled  the  surface  and  left  this  soil. 
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A  large  variety  of  crops  may  be  grown  on  this  type.  Wheat  and 
flax  are  grown  most  extensively.  iJarlcy,  oats  and  spelt  arc  raised 
to  considerable  extent  for  stock  fodder.  Flax  is  usually  sown  upon 
fresh  "breaking."  This  crop  many  times  realizes  a  larger  profit 
for  less  work  than  wheat,  but  has  been  found  to  be  much  more  ex- 
hausting to  the  land. 

This  type  is  well  adapted  to  raising  truck  prochicts.  Whenever 
truck  products  are  planted,  the  improvement  in  the  small  grains  in 
the  following  years  is  very  noticeable.  Trucking  is  a  sure  method 
of  killing  weeds.  By  trucking  the  land  every  few  years  the  weeds 
are  kept  down,  the  land  is  benefitted  and  a  fair  prolit  is  realized  at 
the  same  time. 

The  vidd  of  wheat  is  t:3^enerallv  from  fifte(.-n  to  twentv-five  bushels 
per  acre,  of  tiax  from  ten  to  fifteen  bushels,  of  oats  from  twenty-five 
to  forty  bushels.  On  exceptionally  good  seasi)ns  forty  to  titty  bush- 
els of  wheat  are  raised  and  twenty  to  twenty-live  bushels  of  flax. 
From  sixty  to  seventy  bushels  of  oats  have  been  raised  on  a  wet 
season. 

Ward  Sandy  Loam,  —  In  the  southern  part  of  150-8*3  is  a  type 
of  soil  which  will  be  called  Ward  sandy  loam.  This  type  covers 
only  a  few  square  miles,  being  found  in  the  southern  tier  of  sections 
of  this  township,  llie  soil  is  about  twelve  inches  decj).  It  is  red- 
dish-brown sandy  loam  and  is  usually  very  line.  There  are  fre- 
quently a  few  small  pebbles.  The  subsoil  contains  less  sand  than 
the  soil,  and  is  tenacious  and  heavy.  It  is  of  brown  color,  c«)ntain- 
ing  mottled  streaks  of  red  (]•>)  and  gray  { Ca  Co  .'>).  Quite  large 
amounts  of  gypsum  are  also  in  evidence.  The  surface  of  this  ty])e 
is  slightly  undulating.     There  are  few  stones  or  bowlders. 

There  is  very  little  drainage.  The  surface  slopes  towards  the 
coulees  for  only  a  few  r(>ds  from  their  banks. 

This  type  is  only  a  variation  of  the  last  discussed  and  might  be 
classed  with  it.  It  was  formed  by  the  dcfKtsits  of  Lake  Souris  at 
the  same  time  that  the  before  mentioned  hills  were  worn  down. 

The  crops  on  this  type  are  much  the  same  as  those  upon  the  one 
last  considered.  The  subsoil  is  somewhat  heavier  than  that  of  the 
previous  type  and  will,  therefore,  hold  more  water.  This  makes 
the  crops  show  up  somewhat  better  uj^on  this  type  than  upon  the 
others.  There  is  seldom  too  much  rain  during  the  growing  season 
and  so  the  land  that  \vill  hold  moisture  is  in  greater  demand.    Tlie 
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price  of  this  land  is  appreciably  higher  than  the  most  of  that  in- 
cluded under  the  last  preceding  type. 

Morn  ink  Sandy  Loam, — The  type  which  may  conveniently  be 
called  morainic  sandy  loam  is  located  in  the  northeastern  half  of  15C- 
82.  This  portion  of  the  area  embraces  the  remains  of  a  moraine  that 
has  been  leveled  to  its  present  form  by  the  action  of  tlie  waters  of 
Lake  Souris.  The  morainic  hills  have  not  been  worn  to  a  level 
prairie  but  have  been  left  in  the  form  of  small  hills  or  knolls  with 
depressions  between  them. 

The  type  might  be  mapped  as  two  separate  types ;  one  embracing 
the  small  hills  and  the  other  the  depressions.  The  soil  and  subsoil 
of  the  hills  differ  from  those  of  the  depressions.  However,  it  would 
be  a  difficult  matter  to  illustrate  the  tx-pes,  as  the  separate  hills  and 
depressions  are  of  such  small  area.  Each  hill  contains  scarcely 
eight  acres  and  the  most  of  the  depressions  are  even  smaller. 

Uix>n  the  high  land  the  soil  is  from  four  to  eight  inches  in  depth. 
It  is  brownish  sandy  or  gravelly  loam.  The  subsoil  is  sandy,  grav- 
ellv  or  stonv  loam. 

In  the  low  land  l)etwcen  the  hills  the  soil  is  from  eight  to  ten 
inches  in  depth.  It  is  of  a  heavy  character,  being  sticky  when  wet, 
and  is  quite  tenacious.  The  subsoil  is  still  heavier,  being  silt  loam, 
and  is  also  vcrv  tenacious.  It  is  of  a  brownish  color.  It  contains 
some  streaks  of  mottled  red  and  gray. 

The  surface  of  this  type  is  very  different  from  that  of  any  other. 
Small  hills  and  knobs  are  alternated  with  low,  hard  "pans"  and  even 
"pots  and  kettles."  There  are  no  large  areas  of  either  low  land  or 
high  land. 

TIic  type  as  a  w-hole  has  no  drainage  except  Egg  coulee,  which 
drains  only  a  few  rods  from  its  channel.  The  water  as  it  falls  upon 
the  hicrher  lands  immediately  gathers  in  the  clay  bottomed  '*ket- 
tles"  Ix^twcen  the  hills  and  here  remains  until  it  is  removed  by 
evaporation. 

About  one-fifth  of  the  land  of  this  area  has  been  broken  up  and 
is  at  present  under  cultivation.  The  crops  are  principally  flax  and 
wheat.  Unless  there  is  an  abundance  of  rain  the  crops  are  likely  to 
he  liglit.  The  uplands  are  too  dry  and  gravelly  to  be  advanta- 
geously cultivated  and  the  low  lands  are  too  wet  and  heavy.  Only  a 
small  portion  is  left  for  cultivation  and  only  in  limited  areas.  Wild 
grass  grows  luxuriantly  in  the  low,  wet  depressions.     If  these  bet- 
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tonis  dry  out  sufficientiy  the  grass  is  cut  for  winter  fodder.  This 
type  is  not  well  adapted  to  farming.  Grazing  is  best  adapted  to  this 
area. 

Morainic  Loam,  —  The  morainic  hills  in  the  southwestern  por- 
tion of  156-83  constitute  a  type  of  soil  very  different  from  any 
previous  type.  This  area  is  entirely  out  of  the  lake  bottom.  The  hills 
stand  up  rough  and  rugged  as  left  by  the  ice.  The  type  consists 
of  soils  of  different  characters ;  the  soils  on  the  hills  differ  widely 
from  those  of  the  depressions.  This  type  might  be  divided  into 
two  types.  It  would  be  difficult  to  map  the  hills  as  a  separate  type 
from  the  depressions  as  each  occurs  only  in  small  areas.  The 
character  of  the  soil  on  the  hills  and  in  the  depressions  is  so  different 
that  each  would  form  a  ty[)e  of  itself  if  correctly  mai)pcd. 

The  soil  on  the  upland  is  only  from  two  to  four  inches  in  depth. 
It  is  gravelly  or  stony  loam.  The  subsoil  is  gravelly  or  sandy.  In 
some  places  the  hill  Uy\)S  are  so  stony  and  gravelly  that  little  vegeta- 
tion can  sustain  itself. 

The  sides  of  the  hills  vary ;  in  some  cases  the  soil  and  subsoil  are 
heavier  and  considerable  vegetation  appears,  while  in  other  places 
the  land  is  almost  barren.  The  soil  on  these  hillsides  varies  from 
coarse  to  fine  sandv  loam. 

In  the  hollows  or  "pots  and  kettles"  the  soil  is  14  to  18  inches 
in  depth.  It  is  generally  heavy  loam  containing  large  amounts 
of  decayed  vegetable  matter.  It  is  usually  of  black  or  dark  brown 
color.  The  subsoil  is  of  much  the  same  texture,  though  often  some- 
what more  sandy.  The  soil  is  always  wet  and  sticky  and  the  sub- 
soil is  very  tenacious. 

This  type  is  typical  of  a  morainic  country.  The  hills  are  from 
30  to  GO  feet  above  the  IxDttoms.  On  some  of  the  hills  the  lx>wlders 
are  so  numerous  that  one  may  walk  across  w*ithout  touching  the 
ground. 

There,  is  no  drainage  except  as  the  watvr  runs  from  the  hills  to 
the  bottoms  between.  There  are  many  swamps  and  even  small 
lakes  which  have  no  outlets. 

This  moraine  is  onlv  one  of  manv  in  Xorth  Dakota.  Its  course 
may  be  traced  from  the  vicinity  of  ]\Tinot  into  Canada,  and  far 
southward  across  the  state. 

Only  a  very  small  portion  of  this  land  is  being  farmed.  This  is 
due  to  the  roughness  of  the  surface  and  the  non-fertilitv  of  the 
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soil.  The  best  occupation  to  be  carried  on  is  grazing.  There  are 
some  very  successful  ranches  at  the  present  time.  Buffalo  grass 
grows  to  some  extent  upon  the  hills  and  grasses  of  many  varieties 
grow  in  the  sloughs. 

IVard  Gravelly  Loam,  —  Along  the  coulees  and  channels  is  found 
a  considerable  amount  of  gravel  which  for  convenience  will  be 
called  Ward  gravelly  loam. 

The  soil  of  this  type  is  from  4  to  C  inches  in  depth.  It  is 
of  Iwownish  color  and  owing  to  its  looseness  of  texture  is  not  very 
fertile.  Generally  sand  and  gravel  are  apparent.  The  subsoil  is 
somewhat  heavier  but  still  contains  considerable  gravel.  In  some 
localities  almost  pure  gravel  is  found  to  a  considerable  depth.  The 
gravel  found  in  the  channel  of  Egg  coulee  differs  somewhat  from 
the  others.  The  gravel  stones  are  larger  and  are  more  numerous. 
Some  are  as  large  as  the  fist. 

These  gravds  are  deposits  from  glacial  streams.  Terraces  oc- 
cur along  most  of  the  large  channels.  In  every  case  the  gravel  bus 
been  deposited  by  the  waters  of  ancient  glacial  streams.  The 
waters  that  flow  in  the  channels  at  present  scarcely  leave  a  trace 
of  erosion  from  year  to  year.  Small  areas  of  gravel  arc  found 
along  the  coulees  which  are  too  small  to  be  shown  on  the  map. 

This  type  occurs  in  the  soutlnvestern  part  of  156-82  and  also  in 
the  channel  of  E^g  coulee  in  the  northeastern  part  of  ir)6-82. 
The  whole  area  of  Ward  gravelly  loam  does  not  cover  more  than 
a  few  sections. 

The  vegetation  on  this  type  is  not  heavy.  Where  crops  nave 
Ix^en  seeded  they  are  not  usually  successful  unless  there  is  plenty  of 
rainfall.     The  grass  is  small  and  wiry  and  weeds  are  plentiful. 

As  yet  no  crop  seems  to  have  been  applied  that  was  well  adapted 
to  tlie  type.  Grazing  is  the  most  profitable  use  to  which  the  land 
has  tlnis  far  been  put. 

ITirn/  Clay  Loam. — The  low,  heavy  land  of  this  area  has  a 
type  (^f  soil  somewhat  different  from  any  other  land  in  the  district. 
There  are  two  kinds  of  low  land  which  may  be  taken  up  separately. 
Tliere  are  broad  channels  w^hich  extend  entirely  across  the  area. 
TluTL"  are  also  many  small  areas  of  low  land  which  have  much  the 
same  type  of  soil. 

The  broad  flats  are  old  glacial  channels.  One  of  these  contains 
a  part  of  sections  2,  3,  10,  11,  12,  13,  14,  15,  22,  23,  24,  25  and 
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26  of  township  15G,  range  83.  This  divides,  and  one  branch  joins 
another  flat  or  channel  in  township  156,  range  82.  This  one  is 
smaller,  partially  containing  sections  4,  o,  8,  17,  18,  10,  20,  29,  30, 
31  and  32.  These  channels,  in  such  cases,  have  high  bluffs  border- 
ing, while  in  some  places  there  is  no  definite  division  between  the 
channel  and  the  level  prairie. 

The  small  areas,  referred  to,  are  dried  up  sloughs  or  lakes. 
These  usuallv  contain  onlv  a  few  acres  of  land.  Thev  are  found 
in  sections  3,  9,  and  22-23,  of  township  loG,  range  82.  In  town- 
ship 1.56,  range  83,  they  are  found  in  sections  2!)  and  2S-2T-3-1. 
One  of  the  channels  has  its  beginning  in  township  157,  range  83. 
The  head  is  nuich  the  sha|>c  of  a  fan.  It  spreads  out  over  five  or 
six  square  miles.  In  this  particular  channel  there  is  a  coulee,  but 
the  coulee  is  not  of  the  same  formation  as  the  larger  channel.  There 
is  some  water  in  the  lowest  part,  hut  is  entirely  stagnant. 

The  soil  in  these  channels  and  flats  is  from  10  to  18  inches  in 
depth.  It  is  of  a  black  or  dark  brown  cpolor.  It  contains  large 
amounts  of  decayed  vegetable  matter  which  makes  the  soil  very 
fertile.  The  soil  is  heavv  and  tenacious  and  usuallv  contains  con- 
siderable  moisture. 

The  subsoil  is  a  large,  heavy  loam  of  very  fine  sandy  loam.  It  is 
of  grayish-brown  color  and  sometimes  contains  small  annnmts  of 
mottled  red.  In  the  channels  the  subsoil  seems  to  be  in  strata, 
while  in  the  open  flats  the  subsoil  is  usually  uniform.  Small  ele- 
vations of  gravel  occur  in  the  channels,  forme- 1  by  ancient  glacial 
waters.  These  have  l)etn  discussed  under  Ward  gravelly  loam. 
In  a  few  cases  there  are  large  morainic  deposits  in  the  channels 
forming  quite  large  hills.  -(See  sections  ]()-!.">,  township  ]7){'),  range 
83.)     These  are  gravelly  or  stony  on  the  surface. 

The  low-land  flats,  i.  e.,  the  dried  up  slouj^hs  or  small  lake  bot- 
toms, are  not  generally  good  farmitig  land.  The  soil  in  these  is 
from  14  to  18  inches  in  depth.  It  is  lit-avy,  black  loam  containing 
much  decayed  vegetable  matter.  The  soil  is  fertile  but  is  generally 
covered  with  water  until  too  late  in  the  season  or  is  baked  too  hard 
to  be  tillable.  The  socl  when  turned  appears  hard  and  tough. 
The  subsoil  is  heavier  than  the  soil.  It  is  usually  grayish-l)rown 
with  some  streaks  of  red  and  white. 

These  pans  have  a  waterproof  bottom.  Water  once  in  them 
can  only  get  out  by  evaporation.     These  low  tracts  are  of  small 
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area  containing  only  a  few  square  rods.  Some,  however,  are 
several  acres  in  extent.  They  appear  most  frequently  among  the 
hills  but  arc  not  infrequently  found  on  the  prairie. 

Only  in  the  spring  of  the  year,  when  the  snows  are  being 
melted,  is  there  any  flowing  water  in  the  coulees.  The  water  seeks 
the  low  beds  of  the  channel  and  forms  "pot-holes"  which  frequently 
hold  water  the  year  around.  These  sloughs  afford  cxcdlent  hay 
in  large  quantities  but  cannot  always  be  harvested  on  account  of  the 
standing  water. 

These  channels  were  all  made  at  the  time  of  the  ancient  glacier. 
Some  large  lx>wlders  in  these  bottoms  show  deep  striations  caused 
by  the  action  of  the  ice. 

All  the  small  grains  may  be  raised  on  the  type  called  Ward 
clay  loam.  However  a  very  small  acreage  of  this  type  has  been 
plowed.  The  general  surface  is  not  well  adapted  to  farming  on 
account  of  excess  of  water  during  the  seeding  season.  When  the 
season  is  dry  the  top  soil  bakes  into  a  very  hard  crust.  On  some 
of  the  best  of  this  type  very  good  crops  have  been  raised  and  will 
perhaps  average  up  with  the  surrounding  prairie. 

In  all  i)rol)ability  these  soils  were  formed  by  the  waters  of  some 
time  long  past.  The  waters  carried  the  finer  material  and  de- 
posited it  in  the  depressions.  In  many  of  these  the  day  under- 
neath is  many  feet  deep.  Very  infrequently  sand  is  found  to  some 
extent  but  clay  is  invariably  found  at  a  greater  depth. 

Wafer, — The  many  sloughs  and  small  lakes  which  occur  in  this 
district  have  been  referred  to  in  connection  with  other  types.  Some 
of  these  bodies  of  water,  which  are  large  one  year,  may  be  per- 
fectly dry  the  following  year  according  to  the  amount  of  rainfall. 

The  soil  and  subsoil  under  the  water  of  these  sloughs  is  very 
similar  to  that  of  the  heaviest  of  Ward  clav  loam.  If  these  couM 
be  drained  very  fertile  land  would  be  obtained. 

This  surface  water  contains  no  alkali.  In  none  of  the  low.  wet 
lands  was  alkali  observed.  Crops  were  injured  to  a  slight  extent 
by  what  appeared  to  be  an  excess  of  lime.  This  only  occurred  in 
one  locality  to  anv  extent  and  here  onlv  in  small  area.  This  oc- 
curred  in  section  M,  township  !."><),  range  82. 

JFafcr  Suf^f^Jy. — The  water  supply  of  this  region  is  abundant,  but 
the  (luality  of  the  water  is  not  always  good.  Every  farmer  has  a 
well  of  water  and  not  infrcciuentlv  two.  One  of  these  is  usually  for 
the  purpose  of  watering  stock  and  the  other  for  domestic  purposes. 
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The  wells  range  froni  only  a  few  feet  to  150  feet  in  depth.  They 
average  about  fifty  feet  in  depth.  The  deeper  wells  usually  furnish 
an  abundant  supply  of  water,  but  it  is  frequently  more  or  less  alka- 
line. Some  are  so  salty  that  they  are  bitter  and  very  sickening  to 
the  taste.     Others  are  almost  pure. 

The  shallower  wells  are  usually  near  the  house.  The  water  from 
these  is  used  for  household  purposes.  These  are  seldom  alkaline 
and  are  fairly  pure  unless  surface  water  seeps  through  into  the  wells. 
The  water  from  the  shallow  wells  is  not  generally  very  hard. 

It  frequently  occurs  that  the  water  from  the  deq)er  wells  is 
not  alkaline  when  first  used.  In  some  cases  it  has  been  a  year  be- 
fore any  bitterness  was  detected.  If  the  water  is  used  continuously 
and  in  large  quantities  the  alkaline  feature  is  not  observed  for  a  con- 
sickrable  time.  If  not  much  water  is  used  and  the  well  stands  idle 
a  good  deal  of  the  time  it  has  in  some  cases  become  so  alkaline  that 
stock  would  not  drink  it  when  at  first  the  water  had  little  if  anv  bit- 
temess. 

Alkali, — ^The  soils  of  this  area  are  very  free  from  alkali.  On  the 
level  prairie  there  is  not  enough  alkali  to  injure  the  crops  any  what- 
ever. In  some  places  there  are  indications  of  an  excess  of  lime 
which  IS  particularly  injurious  to  flax.  In  some  of  tlie  low  lands 
there  are  slight  traces  of  alkali.  This  small  amount  is  only  the  ac- 
cumulation of  that  which  was  formerly  on  the  higflier  elevations. 
The  water  washed  it  in,  and  there  evaporation  left  it. 

Some  of  these  flats  have  been  drained.  Considerable  trace  of 
alkali  w^as  seen.  In  wet  seasons  the  alkali  would  have  no  eflfect  upon 
the  soil,  but  in  dry  seasons  the  eflfect  would  be  more  noticeable. 

Methods  of  Agriculture. — A  steady  improvement  may  be  seen  from 
year  to  year  in  the  agricultural  methods  in  use  by  the  farmers.  At 
present  the  greater  number  have  had  some  "experience  and  under- 
stand that  the  land  must  be  well  tilled  in  order  to  have  good  re- 
sults. 

A  large  amount  of  plowing  is  done  in  the  fall.  Many  times  a 
farmer  does  not  seed  all  his  farm.  He  summer  fallows  or  plows 
directly  after  the  crop  is  taken  oflf  in  the  summer.  Many  do  not  har- 
row the  summer  fallowed  land  until  just  before  seeding,  but  expe- 
rience has  shown  that  the  land  will  hold  much  more  moisture  if  thor- 
oughly harrowed. 
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Deep  plowing  is  everywhere  better  than  shallow,  but  not  all  have 
yet  learned  that  the  best  results  are  obtained  in  this  way. 

As  soon  as  the  summer  crop  is  off  the  land  and  the  rush  of  thresh- 
ing is  over,  the  fall  plowing  begins.  This  is  continued  until  the 
ground  freezes.  In  the  spring  plowing  is  taken  up  w^here  left  off  in 
the  fall. 

The  soil  is,  as  a  rule,  fairly  well  harrowed.  Disc  and  shoe  drills 
are  used  altogether  for  seeding. 

The  harvest  is  carried  on  by  means  of  large  binders  and  headers. 
The  most  of  the  grain  is  threshed  in  the  field  where  cut.  Very  lit- 
tle is  stacked  or  housed  before  the  arrival  of  threshers. 

Threshing  is  carried  on  on  a  large  scale.  Immense  traction  en- 
gines are  used  in  place  of  horse  power.  These  are  set  in  order  with 
sq)arator  in  the  middle  of  a  field  of  shocks.  The  grain  is  hauled  ^o 
the  machine  from  the  shocks  and  hauled  away  in  large  grain  tanks. 
The  grain  is  either  stored  in  granaries  or  hauled  directly  to  the  eleva- 
tor on  the  railroad.  A  well-equipped  threshing  crew  \vill  generally 
thresh  3,000  bushels  of  grain  in  a  day;  5,200  bushels  are  reported  to 
have  been  threshed  by  a  single  machine. 

This  rapid  threshing  is  not  usually  as  well  done.  Much  grain  is 
carried  through  the  machine  and  left  in  the  straw  pile. 

A  large  variety  of  grains  may  be  raised  in  this  region.  Wheat, 
flax,  barley  and  oats  are  the  chief  grains.  Millet  and  spelt  are  also 
raised  to  some  extent. 

The  Iwst  rotation  of  crops  has  been  found  to  be  as  follows: 
Wheat,  barley,  oats,  flax.  If  truck  products  can  be  raised  in  place 
of  oats  or  barley  the  land  will  be  noticeably  improved,  as  shown  by 
the  crops  that  follow. 

General  Comiitions. — The  farmers  at  the  present  time  arc  fairly 
well-to-do.  None  are  v#ry  poor,  though  few  are  forehanded.  Some 
have  borrowed  money  to  prove  up  their  claims.  Usually  a  hig^h 
interest  nuistbe  paid  upon  this  money,  which  makes  it  still  more  diflR- 
cult  for  the  farmer  to  get  started.  One  good  crop,  however,  will 
place  nearly  every  one  now-  incumbered  in  a  position  to  fight  all 
future  contingencies.  The  farmers  thus  far  have  become  more  and 
more  ])rosperous  from  year  to  year.  As  fast  as  the  new  and  im- 
proved methods  of  farming  are  introduced,  just  so  fast  the  farmer 
finds  himself  in  a  better  condition. 
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A  very  small  portion  of  the  land  is  held  by  speculators.  This  is 
either  rented  or  lies  idle.  Very  few  farms  are  rented,  and  where  so 
they  are  g"enerally  poorly  farmed.  Any  g^ood,  progressive  farmer  will 
not  rent  but  will  own  a  farm  of  his  own. 

The  problem  of  hired  labor  is  one  of  the  most  important.  Men 
come  into  the  state  for  the  summer's  work  and  then  out  again.  Their 
only  desire  is  to  make  as  much  money  as  possible  with  little  work. 
1-^rcquently  these  men  are  poor  farmers  and  are  therefore  poor  labor- 
ers. 

Wages  are  high  compared  with  that  of  the  class  of  laborers  and 
work  of  other  states.  A  monthly  wage  of  S30  is  usually  paid  for 
five  or  seven  months,  beginning  with  April.  Day  laborers  in  harvest 
time  receive  from  $2  to  $3  per  day.  The  laboring  class  is  small  in 
numbers  and  it  is  frequently  a  very  difficult  matter  to  obtain  suffi- 
cient laborers  to  carry  on  the  harvest. 

The  Great  Northern  railroad  and  the  ]\r.,  St.  V.  &  S.  S.  ^I.  railroad 
pass  through  the  city  of  Minot.  Each  furnislies  fair  freight  service. 
Large  elevators  are  located  on  each  railroad  and  grain  is  hauled  to 
them  in  large  quantities.  As  nearly  as  may  be  estimated  the  average 
price  of  hauling  grain  on  the  public  roads  is  J  !>  cent  per  bushel  per 

# 

mile. 

The  roads  are  usually  prairie  trails,  and  are  only  graded  where  the 
worst  sloughs  are  encountered.  On  account  of  the  sandy  texture  of 
the  soil  these  roads  are  seldom  muddy  excq)t  in  the  low  lands. 

The  grain  markets  are  generally  good.  Wheat  and  flax  are  sold 
at  a  fair  discount  from  prices  in  St.  Paul  and  Minneaix^lis.  Only  a 
small  portion  of  the  grain  is  shipped  by  the  farmers,  but  is  sent 
through  the  elevator  companies. 
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THE    SURFACE    FORMATIONS    OF    SOUTHEASTERN 

NORTH  DAKOTA. 

By  Daxiel  E.  Willard. 

In  common  with  most  of  the  northern  states,  nearly  all  of  North 
Dakota  and  Minnesota  is  covered  with  a  mantle  of  drift  due  to  the 
presence  of  the  great  ice  sheet.  Eastern  North  Dakota  was  affecte'd 
directly  by  the  ice  in  a  manner  much  like  that  of  other  parts  of  North 
America  over  which  the  ice  passed.  The  area  is  deeply  mantled 
with  drift  or  till.  In  addition  to  this  a  belt  including  approxi- 
mately the  eastern  tier  of  counties  of  the  state  is  covered  with 
a  deposit  arising  from  the  melting  of  the  great  ice  sheet  known 
as  lacustrine  silt.  Streams  upon  the  adjacent  land  surfaces 
were  kept  at  flood  by  tfie  waters  from  the  melting  ice,  and  large  vol- 
umes of  sediments  were  swept  into  and  down  these  streams.  Sandy 
.  beaches,  washed  by  the  waves,  became  the  assorting  grounds  of  the 
coarser  sediments  conveyed  into  the  lake  waters,  and  off-shore  cur- 
rents became  the  builders  of  sand  bars.  The  finest  rock  flour  or 
silt  was  that  which  came  to  rest  in  the  still  waters  of  the  lake  far 
from  shore.  The  Sheyenne  delta,  a  vast  mass  of  sand,  gravel  and 
shale  transported  from  the  margin  of  the  melting  ice  sheet  or  eroded 
from  the  plain  over  which  the  waters  flowed,  is  an  illustration  of  the 
great  work  done  by  the  flood  waters  from  the  melting  ice.  The 
large  amount  of  shale  in  the  delta  deposits  and  the  depth  to  which 
tlic  ancient  glacial  river  eroded  its  bed  below  the  drift  mantle  into  the 
underlying  shales  outside  the  Red  River  valley  indicate  the  vast 
work  of  erosion  and  transportation  accomplished  by  the  waters  of  the 
melting  ice  sheet. 

The  region  immediately  west  of  the  Red  River  valley  was  not  cov- 
ered by  the  waters  of  Lake  Agassiz.  This  is  a  region  of  till  or 
bowlder  clay  of  the  same  character  as  that  lying  beneath  the  strati- 
fied lacustrine  sediments  of  the  Red  River  valley.  The  bowlder  clay 
is  composed  in  part  of  materials  transported  for  greater  or  less  dis- 
tances by  the  ice,  but  is  mainly  the  pulverized  materials  plowed  up 
along  the  course  of  the  moving  ice,  as  is  shown  by  the  similarity  of 
the  drift  clay  to  the  stratified  clay-shale  below  revealed  in  the  records 
of  well  borings. 

The  surface  deposits  of  southeastern  North  Dakota  are  drift  mate- 
rials, those  in  the  Red  River  valley  being  modified  by  the  action  of 
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the  waters  of  Lake  Agassiz.  Below  the  modified  lake  deposits  is  the 
till,  similar  in  character  to  that  of  the  rolling  prairie  beyond  the  area 
covered  by  the  lake.  The  total  depth  of  the  drift,  as  determined 
from  well  boring^s  and  from  the  deep  valley  of  the  Sheyenne,  is  from 
fr)rty  to  sixty  feet  upon  the  rollinj^:  prairie  in  the  western  i)ortion  of 
the  area  now  considered  to  200  to  2.")0  feet  in  the  axial  portion  of  the 
Ked  River  valley.  The  depth  of  the  drift  varies  consideral)ly  owing: 
t< )  the  uneven  surface  of  the  prej^^lacial  landscape.  I'our  types  of  drift 
clci)osils  occur  in  this  portion  of  North  Dakota.  These  are  (a)  the  fine 
scdiiiienls  deposited  in  the  deep  waters  of  the  lake  and  known  as 
lacustrine  silt:  (b)  the  reworked  drift  rei)resented  in  the  beach 
ritlges  and  other  shore  deposits;  (c)  the  delta  deposit  made  by  the 
Sheyennc  river;  and  (d)  the  rolling  prairie  with  low  morainic  hills. 
Lacustrine  Silt. — The  lacustrine  silt  deposits  overlying  the  till  ex- 
tend westward  of  Cassclton  and  embrace  the  region  southward  be- 
yond Wahpeton  and  northward  beyond  Cirand  Forks.  Its  greatest 
thickness  is  as  much  as  sixty  feet  and  it  is  commonly  as  much  as 
thirty  to  fifty  feet.  This  deposit  consists  of  the  finest  particles  of 
rock  brought  into  the  lake  by  streams  or  washed  from  the  wall  of 
ice  which  formed  the  northern  shore  of  the  lake.  This  finest  rock 
Hour  from  the  great  continental  ice  mill  was  laid  down  in  perfectly 
stratified  layers  in  the  quiet  waters  of  the  lake,  the  upper  layers  Eye- 
ing blackened  and  enriched  by  accumulations  of  carbonaceous  mat- 
ter from  the  decomposition  of  ]>lants  and  animals  which  found  a 
habitat  in  its  cold  waters  and  in  the  shallow  marshes  which  succeeded 
the  disappearance  of  the  lake.  These  blackened  marshes  in  turn  be- 
c.'ime  the  dry  meadows  of  prehistoric  days. 

'J'lic  Slicycnnc  Delta. — The  great  delta  plain  of  the  glacial  Shey- 
ennc river  covered  the  southern  one-third  of  the  Cassclton  quadran- 
jcrle  and  the  southwestern  corner  of  the  i^arg  >  ciuadrangic.  This  is 
a  sandy  plain  representing  the  coarser  sedimentary  deposits  of  this 
r)nce  great  river.  The  total  area  (jf  tlie  delta  is  j)laccd  by  Upham  at 
i<{U)  square  miles,  and  is  estimated  by  him  to  have  an  average  depth 
c»f  forty  feet.  The  northern  and  eastern  frc'iit  of  the  delta  in  Cass 
and  Richland  counties  rises  quite  abruiMly  sixty  to  seventy  feet  fn.)m 
the  almost  perfectly  level  surface  of  tlu-  lacustrine  sediments  of  the 
old  lake  bottom  beyond  the  limits  of  the  delta.  The  deposit  is  one 
of  fine  sand  and  fragments  of  shale  with  a  scant  admixture  of  clay, 
so  that  the  texture  is  in  general  quite  loose.     The  surface  of  the  plain 
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is  gently  undulating,  at  times  approaching  a  rolling  topography. 
Dunes  of  wind-blown  sand  are  conspicuous  landscape  features  over 
portions  of  the  delta.  The  plain  is  intersected  by  the  valleys  of  the 
Shevcnne  river,  bv  which  the  delta  was  formed,  and  bv  the  lesser 
Maple  river.  Both  these  streams  have  eroded  deep  gorges  in  the 
delta  deposit.  The  valley  of  the  Sheyenne  is  nearly  as  deep  as  the 
total  thickness  of  the  delta  itself,  though  no  points  where  the  under- 
lying till  has  been  cut  into  have  been  observed. 

The  steep  front  of  the  delta  on  its  northeast  side  near  the  village 
of  Leonard  is  marked  by  benches  or  terraces  formed  by  the  action  of 
the  waves  after  the  waters  of  the  lake  had  fallen  below  the  higher 
plain  of  the  delta.  The  most  conspicuous  of  these  is  the  Campbell 
beach,  which  also  marks  the  most  prominent  "bench"  forming  the 
line  of  demarcation  between  the  bhick  lacustrine  sediments  and  the 
reworked  drift  of  the  beach  deposits  in  the  region  to  the  north  of 
the  delta.  The  existence  of  this  beach  along  the  front  of  the  delta 
and  below  its  highest  level,  and  the  occurrence  of  the  highest  or  Her- 
man beach  along  the  western  or  shore  side  of  the  delta  plain,  show 
that  the  time  of  formation  of  the  delta  by  the  glacial  Sheyenne  river 
was  during  the  highest  stages  of  Lake  Agassiz.  or  between  the  Her- 
man and  the  Campbell  stages  of  the  lake.  The  present  deep  valley 
of  the  Sheyenne  river  was  therefore  excavated  in  its  own  delta  dur- 
ing the  higher  stages  of  the  lake  while  the  waters  of  the  lake  were 
being  drained  southward  by  the  river  Warren. 

S'a/zf/  Dunes. — The  most  marked  region  of  dunes  on  the  portion 
of  the  delta  included  within  the  area  under  consideration  is  a  tract 
from  three  to  ten  miles  in  width  alcMig  either  side  of  the  Sheyenne 
river.  Where  the  river  crosses  its  own  delta  it  has  ero<led  a  channel 
from  sixty  to  eighty  feet  deep,  its  banks  steep,  with  short,  deep  and 
steep-sided  coulees.  The  ocrurrence  of  dunes  is  on  the  grandest 
scale  in  the  neighborhood  of  the  larger  lateral  coulees.  Wherever 
the  turf  Incomes  broken  by  erosion  so  as  to  expose  the  sands,  or 
where  the  covering  of  grass  is  thin,  the  lightness  of  the  soil  per- 
mits the  sc()0]>ing  out  of  hollows  and  piling  of  sand  into  hills. 

Sf^riiii^'s  of  the  Delta. — The  loose  texture  of  the  delta  allows  the 
ready  i)crcolation  of  the  waters  of  rainfall  and  meltin«r  sno  vq.  There 
is  little  emsion  (^f  the  ])lateau  of  the  delta  because  the  surface  wa- 
ters are  so  readily  taken  up  by  the  soil.  The  waters  percolate  down- 
ward until  thev  are  checked  bv  restrainine:  strata  of  materials  of  a 
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more  clayey  character  in  the  delta  itself,  or  by  the  hard,  impervious 
I  ill  which  forms  the  floor  beneath  the  delta  deposits.  The  ready 
{KTcolation  of  the  waters  and  the  impervious  beds  of  clay  make  the 
occurrence  of  springs  common  along  the  delta  front  and  in  the  deep 
channels  of  the  rivers.  On  the  lower  plain  of  the  lake  bottom  be- 
yond the  delta  the  hydrostatic  pressure  of  the  surface  waters  p^/iie- 
trating  the  ground  upon  the  higher  lan^i  of  the  delta  <:auses  the  wa- 
ter table  to  rise  to  the  surface  of  the  ground,  and  considerable  areas 
are  rendered  (juaking,  Ixiggy  marshes. 

The  northeast  front  of  the  dtHa,  about  miclwav  between  the  Shev- 
enne  and  Maj)le  rivers,  near  the  village  of  Leonard,  is  intersected  by 
several  deep  c<julees  which  have  been  formed  by  the  action  of  springs 
bursting  out  from  the  delta.  These  may  fittingly  be  called  "travel- 
ing Sj)rings,"  since  they  travel  backward  into  the  plateau  as  a  re- 
sult of  the  action  of  their  own  waters  in  removing  the  erodable  ma- 
terials out  of  which  they  emerge.  The  same  mode  of  ''traveling" 
is  observed  in  the  springs  which  head  the  coulees  along  the  valleys 
of  the  Sheyenne  and  Maple  rivers.  The  spring  half  a  mile  west  of 
Leonard  village  has  eroded  a  gorge  tw-o  miles  in  length  with  a  maxi- 
mum depth  of  seventy  feet.  Other  coulees  in  the  vicinity  are  half 
a  mile  to  nearly  two  miles  in  length,  formed  in  the  same  manner. 
Such  springs  occur  in  the  banks  of  the  Sheyemie  river  along  its 
course  outside  the  Red  Rivqr  valley  for  l.*)0  miles  in  Ransom, 
Barnes,  Griggs,  Nelson  and  Eddy  counties,  where  the  valley  of  the 
river  is  cut  deeply  into  the  soft  cretaceous  shales  which  underlie  the 
drift. 

Beaches  of  Lake  Aji^assic. — West  of  Casselton  is  a  belt  about 
six  miles  in  width  extending  from  the  northern  edge  of  the  Shey- 
enne delta  northward  with  varying  width  Ix^vond  the  limits  of  the 
state.  This  is  a  tract  having  the  characteristic  topography  of  a 
wave-washed  shore  of  a  receding  sea.  The  western  side  of  this 
region  marks  the  highest  j^oint  reached  by  the  waters  of  Lake  Agas- 
siz. 

On  this  tract  the  LH")0-foot  and  L^'^OO-font  contours  are  scj)a- 
rated  bv  intervals  of  only  about  three  miles,  whereas  the  iM)0-foot 
contour  is  alx)ut  forty  miles  to  the  eastward  of  the  l.OOO-foot  con- 
tour near  the  Red  River  of  the  Xorth. 

The  slope  between  the  higher  contours  rej)resents  the  eastern  face 
of  the  Manitoba  escarpment.     The  region  was  covered  by  the  waters 


132      AGRICULTURAL  COLLLCL  SURVEY  OF  NORTH  DA  KOI  A 

of  Lake  Agassiz  during  its  highest  stages,  and  was  relieved  of  the 
covering  of  water  as  the  lake  receded.  Well  marked  gravelly  and 
sandy  ridges  traverse  the  area  in  a  generally  north-south  direction. 
These  are  the  beach  ridges  formed  by  the  action  of  the  waves  and 
currents  of  the  lake  upon  the  shore.  The  ridges  are  composed  of 
whitish  sand  with  a  little  clay,  and  gravelly  places  are  frequent. 
Sand  for  building  purposes  and  gravel  for  road  construction  are 
obtained  from  pits.  The  eastern  slope,  or  front,  of  the  beaches  is 
usually  mure  steep  and  higher  than  the  western,  or  back,  side,  and 
a  marshy  tract  often  lies  back  of  a  ridge,  drainage  to  the  lower 
levels  to  the  cast  being  prevented  by  the  ridges  w^hich  act  as  bar- 
riers. The  area  is  one  of  reworked  drift  and  lacustrine  dqx)sits, 
some  places  where  the  configuration  of  the  shore  was  not  such  as  to 
cause  breakers  to  accumulate  sand  and  gravel  in  ridges  being  cover- 
ed with  true  lacustrine  deposits. 

The  highest  wave-marked  ridge  is  known  as  the  Herman  beach, 
and  this  represents  the  height  of  the  w^ater  at  the  time  of  its  greatest 
extent.  The  recession  of  the  lake  was  not  jjfradual,  hut  was  by  slajjes 
of  intermittent  recession  and  pause.  The  next  lower  stage  than  the 
Herman  was  the  Xorcross,  represented  on  this  area  by  a  ridge  about 
four  miles  in  extent  lyinjij^  alon^  the  boundary  line  of  Eldred  and 
Walburg  townships,  and  another  fragment  about  two  miles  in  length 
in  Wheatland  township.  Fragments  of  beach  ridges  representing 
the  upper  and  lower  Tintah  stages  of  the  lake  occur  along  generally 
parallel  lines  at  intervals.  North  of  Leonard  village  the  Tintah 
shore  is  marked  by  an  escan)ment  eroded  by  the  waves  In  the  front 
o\  the  delta.  That  the  Tintah  beaches  represent  two  stages  or  levels 
of  the  lake  is  sh<.)wn  by  the  fact  that  the  two  nearly  parallel  lines 
connecting  irai^nients  of  well  defined  ridges  are  separated  by  a  ver- 
tical interval  of  about  twenty  feet. 

The  most  conspicuous  beach  nn  this  area,  unless  it  be  the  Her- 
man, which  is  conspicuous  because  it  delimits  the  lake  area  from  the 
rollinj^  drift  tupoi^raj^hy  to  the  westward,  is  the  Campbell,  which 
exien<ls  fn>m  the  point  where  the  Maple  valley  debouches  upon  the 
level  ])lain  <A  the  lacustrine  sediments  in  a  generally  northward  di- 
rection, Frecpient  ^^Tavel-  and  sand-i)its  occur  al(.>nfif  the  course  of 
this  bc-ach.  It  is  in  j^art  a  well  detincd  ridge,  rising  with  a  sharp 
slcpe  on  the  east  or  lakeward  side, , and  falling  a  less  amount  on  the 
west  or  landward  side,  and  in  part  an  eroded  cliff  or  escarpment 


AGRICULTURAL  COLLEGE  SUKVEV 


GcoloBici]  Excursion  o(  a  CI>M  from  A|ricu[tuta1  Collcic  to  Herman  De>. 


<C 


ACBICULTttKAL  COLLEGE   S 


PLATE      XX 


The  Campbell  Ueich  il  VVhrallanJ. 


Banki  ol  Sbfjennc  River  Wcii  ot  F>r«a. 


SURF.VC'E    FORMATIONS    OF   SOt'TH EASTERN    NORTH    DAKOTA     133 

formed  in  the  drift  clay  or  till  by  the  cutting:  action  of  the  waves  of 
the  lake.  This  beach  is  a  conspicuous  landscape  feature  and  marks 
the  pr  n^ipal  boiin  lary  between  the  level  area  of  the  lacustrine  sedi- 
ments and  the  reworked  drift  which  forms  the  "bench"  land  border- 
ing the  old  lake  bottom. 

The  ^IcCaulcyville  beach,  which  marks  the  lowest  stage  of  the 
lake  while  its  waters  were  drained  southward  bv  the  river  Warren 
is  very  feebly  developed  in  this  locality.  It  is  represented  by  two 
fragments  not  exceeding  a  mile  each  in  length  in  Walburg  and  Gill 
townships  respectively.  This  beach  is  elsewhere  a  c()nsi)icuously  de- 
veloped ridge  Ix^aring  sand  and  gravel  and  traceable  continuously  for 
many  miles. 

The  beaches  just  described  as  occurring  on  the  western  side  of  the 
lake,  als(.)  occur  on  the  east  side  of  the  valley,  the  several  bleaches 
representing  the  higher  stages  of  the  lake  occurring  on  a  gentle  slope 
facing  w^estward  .between  llawley  and  Glyndon,  Minnesota.  Bowl- 
ders occur  in  great  abundance  on  this  slope.  Some  of  these  bowl- 
<lers  are  of  inmiense  size,  and  their  distribution  along  the  higher 
shore  lines  of  the  lake  suggests  that  they  may  have  been  carried  by 
floating  blocks  of  ice  and  stranded  upon  the  sand  bars  ofT  shore. 

The  Unmodified  Drift, — West  of  Magnolia  station  and  Sheldon 
the  land  was  not  covered  by  the  waters  of  Lake  Agassiz,  and  the 
region  is  therefore  beyond  the  limits  of  what  is  known  as  the  Red 
River  valley.  This  is  an  area  of  rolling  and  undulr^ting  drift,  the 
topography  being  that  of  the  type  which  characterizes  much  of  the 
eastern  half  of  the  state  of  North  Dakota  west  of  the  area  of  the 
ancient  lake  bottom.  The  1.100-f(^ot  contour  coincides  in  a  general 
way  with  the  highest  line  marked  by  tlie  action  of  the  waves  of  the 
lake.  Succeeding  contour  line>  marking  twenty  feet  of  vertical  dis- 
tance follow  rapidly  toward  tlie  west,  two  contour  lines  crossing 
many  of  the  .sections,  those  lines  nnining  nearly  parallel  with  each 
other  and  with  the  TTerman  >liore  line.  A.s  has  been  before  noted. 
there  is  a  fall  of  only  10'^  feel  in  about  fortv  miles  from  the  Camp- 
bell shore  line  eastward  to  the  Krd  River  of  the  Xorth. 

Moraime   Islands  and  Beaches. — An    enilnyment   of   the   ancient 
Lake  Agassiz  existed  in  the  south  western  j>ari  of  what  is  now  Cass 
county,  nearly  midway  between   Afagnolia  and  Sheldon.     Xorth  of 
this  embayment  is  a  hill  about  two  miles  in  length  and  averaging    , 
about  one-third  of  a  mile  in  width,  which  was  an  island  in  Lake 


134  AGRICULTURAL  COLLF.GK  SURVEY   OI?  NORTH  DAKOTA 

Agassiz  during  a  short  time  at  its  highest  stage.  Southward  from 
this  island  a  similar  hill  having  a  width  from  north  to  south  of  two 
miles  projected  as  a  promontory  or  headland  into  the  ancient  lake; 
a  neck  of  land  about  a  mile  in  width  connected  this  promontory  with 
the  general  highland  a  mile  west.  These  hills  are  txpical  morainic 
hills,  being  comjx)sed  of  hard  bowlder  clay  with  occasional  sandy  or 
gravelly  layers,  and  bowlders  of  granite,  quartzite  and  limestone. 

Extending  for  a  distance  of  three  miles  in  a  north  and  south  direc- 
tion between  the  eastern  extremities  of  these  highlands  is  a  conspicu- 
ous gravelly  beach-ridge.  This  ridge  marks  the  line  of  the  **break- 
ers"  between  these  two  highlands  at  the  time  of  the  second  Heonan 
stage  of  the  lake.  Another  segment  of  the  second  Herman  beach 
about  two  and  one-half  miles  in  length  lies  two  miles  north  of  the 
northern  extremity  of  the  island  just  described,  and  half  a  mile  east 
and  twenty  feet  lower  than  the  highest  Herman  shore.  Five  miles 
furtlier  north  a  feebly  developed  shore  line  representing  the  second 
Herman  stage  lies  at  about  the  same  distance  east  of  the  upi>er  beach 
and  sc])arated  by  abtnit  the  same  vertical  interval.. 

La^oojis  Bach  of  the  Beaches.— Thus  the  island  referred  to  was  an 
island  only  for  a  short  time,  viz.,  the  period,  whatever  its  absolute 
length,  (luring  which  .the  lake  stcK)d  at  the  level  of  the  upper  Herman 
b?ach.  During  the  second  or  lower  Herman  stage  of  the  lake  the 
region  embraced  in  the  embayment  lying  west  of  the  island  w^as  an 
overwash  slough  or,  lagoon,  the  waters  which  were  driv'en  by  the 
winds  across  the  "breaker"  line  forming  a  broad  pond  or  shallow 
lake  back  of  the  beach  ridge. 

In  a  similar  manner  lagoons  or  sloughs  were  formed  back  of  the 
liigli  ridges  formed  at  different  stages  of  the  lake.  Tt  is  thus  that 
sandy  marslies,  which  occur  frequently  back  of  the  sandy  or  gravelly 
beaches,  nre  ex])laine(l.  The  breaking  of  the  waves  where  the  lower 
I^art  of  tlio  rolling  nia-^s  of  water  was  retarded  by  the  friction  of  the 
bottom  caused  the  c(V'irser  gravel  and  sand  to  be  thrown  down  in 
more  or  less  unif(»rm  layers,  forming  tlie  beach  ridges  which  have 
been  described,  tlie  tlner  sand  and  silt  being  carried  over  the  crest  of 
tlir  bar,  wluTe  \]]o<c  ^cttletl  in  the  still  water  of  the  lagoon.  The  soil 
of  tlie«'  I'lgoon  tracts  is  thus  frequ-.-ntly  not  only  composed  largelv 
<:f  tine  sand  and  silt.  biU  the  soil  is  often  im])regnated  with  alkali  de- 
rive 1  fn^m  the  continue<l  evaporation  of  the  lake  water  during  the 
<\istentv  of  the  laki-.  and  from  the  accumulation  from  evaporation 
since  the  disap])earance  of  the  lake. 
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THE    GEOLOGY   OF   THE   SOILS    OF    SOUTHEASTERN 

NORTH  DAKOTA. 

By  Daniel  E.  Willard. 

Lacustrine  Silt. — Probably  there  are  few  rep^ions  in  the  world 
which  exceed  in  fertility  of  the  soil  that  of  the  Red  River  valley. 
The  soil  consists  of  the  finest  of  rock  flour  ground  and  ])ulverized  by 
the  great  ice  sheet  and  borne  into  Lake  Agassiz  by  the  inflowing 
stn'anis.  Only  the  very  finest  of  thv*  assorted  sclinients  thus  dis- 
tributed by  the  waves  and  currents  of  the  lake  were  deposited  in  the 
(k-e;:er  poriic^ns  of  the  lake,  as  the  coarst-r  materials  were  thrown 
clown  wlien  the  inllowin<^  streams  were  slackened  bv  the  still  water. 
(.)nly  the  finest  could  remain  in  su'^pensic^n  in  the  water  till  they  came 
to  rest  in  the  deep  water  of  the  central  lake.  This  finest  ])owder 
of  rock  is  known  as  lacustrine  silt,  and  when  wet  and  comj)acte(l  to- 
gether has  nnich  the  character  of  clay,  dift'ering  from  clay  in  that  it 
contains  fine  sand,  fine  powder  of  limestone,  and  carlxmaceous  mat- 
ter, and  docs  not  have  the  coherent  properties  of  clay. 

'^Gitmbo'*  Areas. — Areas  varying  in  extent  from  a  few  s([uare 
yards  to  a  few  square  miles  of  very  compact  and  heavy  soil  occur 
upon  these  level  bottoms  through  which  water  percolates  very  slowly, 
and  when  dried  by  the  intense  heat  of  summer  forms  hard  blocks, 
the  surface  cracking  into  characteristic  geometrically  formed  ])risms. 
These  are  known  as  "gumbo  spots."  This  soil  is  very  stickv  when 
wet  and  hence  not  readily  worked  in  farming  j)ursuits.  Owing  to  its 
tend'.Micy  to  bake  into  hard  blocks  and  its  impermeability  to  water, 
which  renders  drainage  difticult  and  fre(|uently  causes  accumulation 
of  alkaline  salts,  the  gumbo  areas  arc  not  as  desirable  lanrls  for  fann- 
ing purposes. 

River  AUuvium. — Iiordcring  the  rivers  ujjnn  the  plain  of  tlv.^  Red 
River  vallev,  river  alluvium  forms  a  mnntlc  which  (ucrlivs  tlu'  oricr- 
inal  fine  lake  sediments,  thinning  fn^ni  a  thickness  of  ^cvoral  fre;  at 
the  river  banks  to  an  attenuate<l  -^heet  at  sunk-  distance  troni  the 
stre?m  chaimels.  This  material  is  the  fine  overflow  d-vMi-Jsit  from 
the  rivers  and  is  slightly  more  coirs/  in  texture  than  the  lacustrine 
scrjimentary  deposits.  These  dep  )sits  are*  coarser  nvarer  the  river 
banks  because  the  heavier  ])articles  are  the  first  to  be  de])osited. 
A  cross  section  of  the  alluvial  banks,  therefore,  would  show  a  wedge 
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of  coarser  materials  g^raduating  in  fineness  into  the  lacustrine  silts 
farther  away  from  the  river.  Thus  the  land  slopes  away  from  the 
rivers,  and  is  nr^t  infrequently  too  low  and  wet  for  advantageous 
farming  at  a  little  distance  from  the  river  while  dry  and  suitable 
for  farming  near  the  river. 

These  alluvial  soils  are  amonc;:  the  most  productive  of  the  region. 
Their  looseness  of  texture  renders  them  capable  of  more  easily  tak- 
ing u])  the  moisture  of  the  summer  rains,  and  also  of  drainage  from 
tlu"  excessive  moisture  of  melting  snows  and  springy  rains.  The 
loosviiess  of  texture  also  p'jrmits  greater  freedom  of  natural  under- 
(Iraimgo  so  that  the  soil  is  less  impregnated  with  alkaline  salts  than 
are  the  lacustrine  sediments  generally. 

Subsoils. — The  subsoils  have  the  same  general  character  as  the 
S(jils  proper,  the  former  being  the  original  from  which  the  latter,  by 
the  transforming  ])roccsses  of  atmospheric  agencies  and  the  addition 
(if  orga^iic  matter,  have  l>ecn  formed.  The  subsoils,  however,  show 
distinctively  the  mode  of  their  deposition  from  water,  being  in  defi- 
nite strata  or  layers,  ^^any  of  these  layers  are  of  a  fine  grained  clay- 
l(.)ani  cliaracter  l)ordorini^  (  n  clav,  but  are  not  so  heavv  but  that  thev 
arc  i.vMiet rated  by  water.  They  are  generally  sufficiently  porous  to 
permit  of  a  slow  perc< elation  of  surface  water  to  lower  depths  and  of 
cai)ilhiry  rising  of  water  toward  the  surface,  this  condition  being 
favored  by  the  atmospheric  and  orgjuiic  agencies  which  produce  soil. 
'J'his  cjuality  is  of  great  importance  in  determining  the  vahie  of  the 
lands  f(ir  agricultural  purposes,  as  it  renders  natural  underdrainage 
pn.ssil)k-  and  permits  tlie  slow  rising  of  the  waters  during  dry  seasons 
from  the  i)ermanenl  water  table  below.  These  stratified  subsoils 
diM'cT  in  structure  from  the  unstratified  till  in  the  regions  beyond  the 
limits  of  tlie  lake  bnttom  and  also  from  the  till  which  underlies  the 
s:r.'\tiri.<l  dep'isits  cliiefiy  in  the  assorted  and  stratified  character  of 
llu'  niat'.Tials. 

Tile  (l('c|);'r  till  is  llu-  prcglacial  soil  and  the  broken  and  pulverized 
r  rK-  sli-ivi-'l  rili-n'^  tin-  l)ottr)m  and  carried  in  the  ice  of  the  moving 
ula;  i'  r.  Tlir  till  Ci^isists  of  clay,  bowlders,  gravel  and  sand,  gravel 
:iii  1  ^-'iil  t'Ti'-n  ncciirrin^  in  l<'call\  stratified  lavers  or  beds.  The 
(•l:i\,  \\\  its  .U'l'i^rr  jN-irlitMi'^.  is  n  dark  bine,  becoming  brown  nearer 
llu-  >nri'a(^'  where  arii'«l  npf>n  by  tlu-  ainiMS[>here.  IJeh>w  where  it  is 
|.rprir;!i  ■(!  by  vcu'ctabli-  r( tnts  and  bnrr.  wing  animals,  and  beyond  the 
aciiv'v'  cliani^^cs  (»f  heat  and   fnst,  this  bowlder  clav  is  a  firm  and 
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compact  substance  offering  a  hip^h  resistance  to  the  percolation  of 
waters.  So-called  surface  wells  are  often  not  surface  wtIIs  at 
all,  when  by  surface  wells  is  meant  such  as  derive  their  water 
sup])ly  from  percolation  or  seq)age  from  the  soil  in  the  immediate 
vicinity  of  the  well,  Init  are  obtained  by  penetrating  a  layer  of  nearly 
impervious  clay  below  whidi  a  water-bearing  vein  of  gravel  or  sand 
is  struck,  the  clay  acting  as  a  restraining  wall  to  hold  the  water. 

The  Water  Table. — The  pcrmrnent  water  table  is  high  in  this  re- 
gion, due  principally  to  two  causes.  These  are  that  the  deeper  sub- 
S(ul  or  till  is  nearly  impervious  to  water,  thus  preventing  under<lrain- 
aije.  and  the  level  character  i^i  tlie  land  bv  reason  of  which  a  verv 
slow  j)rogress  of  the  soil  water  toward  tlie  streams  results.  The  soil 
and  subsoil  are  sufiiciently  pf^r. )us  to  jdlow  a  very  slow  percolation 
of  the  water,  ruid  the  deeper  clay  acts  as  a  vast  dish  liolding  the  wa- 
ter. 

Alkali  in  the  Soil, — 'Hu*  question  of  alkali  in  the  soil  is  one  of 
great  importance.  In  s>o\r,i:  localities  tl'e  alkaline  salts  in  the  soil  be- 
come a  hindrance  to  agriculture.  The  percentage  (>f  salts  in  the  soil 
is  fo«nd  by  analysis  to  increase  with  the  depth.  Xot  infrequently 
shallow  surface  wells  furnish  abundant  supplies  of  water.  This  is 
sometimes  of  excellent  quality,  but  sometin^es  it  is  so  highly  impreg- 
nated with  salts  as  to  render  the  water  unfit  for  drinking  or  even  for 
the  use  of  stock  or  for  steam  boilers.  The  use  of  water  therefore 
from  surface  wells  is  not  general. 

As  the  surface  waters  evaporate  and  deeper  soil  waters  rise  by 
capillarity,  alkaline  salts  are  brought  to  the  surface  and  there,  by 
rinsing  from  melting  snow  and  spring  rains  these  are  removed  to  the 
streams  wherever  there  is  surface  drainage*.  Lower  places  toward 
which  surface  drainage  ten. Is  nnl  from  which  tliere  is  no  escape  for 
fhe  waters,  become  in  time  by  the  concentration  from  continued  evap- 
oration what  are  known  as  "alkali  spot>."  "Gnnibo  spots"  are  often 
of  this  character,  the  subsoil  being  «^o  conr  act  that  nnderdrainage  is 
reduced  to  practically  nil.  The  alkali  becomes  gradually  more  in 
amount. and  these  f^laces  bec'>ire  nnpro.hiotive  as  a  result. 

P»ecause  of  the  removal  of  th.-  soil  alkalies  and  otlier  salts  bv  the. 
surface  waters  the  waters  of  all  the  ^treruns  contain  sfMue  amount 
of  alkaline  and  other  salts,  and  because  tluTe  is  alkali  in  all  the  soils 
and  subsoils  and  also  in  the  deeper  till,  all  the  well  waters  contain 
some  greater  or  less  amount  of  mineral  impurities.     The  waters  may 
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be  soft  and  suitable  for  washing  purposes  and  for  drinking,  still  there 
are  no  pure  waters.  PVir  the  most  part  the  amount  of  alkaline  and 
other  salts  in  the  deq)er  wells  is  not  so  great  as  to  seriously  interfere 
with  the  obtaining  of  supplies  of  reasonably  pure  and  suitable  water 
for  domestic  and  general  agricultural  purposes. 

As  all  the  soils  and  subsoils  are  of  drift  origin,  it  follows  that  the 
ultimate  origin  of  the  alkaline  and  other  mineral  substances  was  in 
the  stratified  rocks  of  the  preglacial  land  surface.  The  salts  are 
therefore  those  that  were  carried  in  the  waters  of  the  ancient  Creta- 
ceous seas,  on  the  bottom  of  which  these  rocks  were  originally  dq>os- 
ited  as  sediments. 

While  the  alkalies  in  the  soils  are  sometimes  a  detriment  in  the 
unwholesome  effects  u]X)n  the  character  of  the  waters  for  domestic 
uses,  and  sometimes  also  are  present  in  so  great  a  quantity  as  to  ren- 
der small  areas  of  land  unproductive,  yet  on  the  whole  the  alkaline 
and  other  mineral  salts  in  the  soil  of  this  area  add  greatly  to  its  pro- 
ductiveness as  when  present  in  not  too  gfreat  quantity  they  furnish 
necessary  j)lant  food,  and  add  greatly  to  the  fertility  of  the  soil. 


(ii:()L()GIC  HISTORY  OK  EASTKRX  NORTH  DAKOTA. 

]»V  DaNIKL  E.  WlLI.ARl). 

J 11  but  very  few  places  in  the  eastern  portion  of  North  Dakota  is 
there  an  e\i)osure  of  the  underlying  stratified  rocks.  Our  knowledge 
of  the  Vi)c\<  formations  which  form  tlie  tloor  underlying  the  drift, 
tlxise  n^^ks  wliicli  were  tlie  surface  f(;rmations  before  the  invasion 
of  the  great  ice  Aicvi,  is  therefore  derived  largely  from  artificial  bor- 
iniL^s.  ])eq)  wells  have  penetrated  the  hard  granite  on  the  Fargo 
(inadraiigle  at  'm,  '>:>:),  '!rA\,  •>«;»;,  -jsri.  v^Do,  -DS  and  47.")  feet;  and 
upon  the  Casselton  (juadrangle  at  -111.  \M),  ITO  and  490  feet.  The 
only  formation  of  the  sedimentary  series  which  is  passed  through  in 
these  wells  is  a  shale  formation  containing  layers  of  sand,  Creta- 
ce(nis  age.  '!  luis  there  is  no  record  preserved  in  the  rocks  of  this  area 
of  the  time  represented  by  tlie  Cambrian,  Lower  Siberian,  Upper 
Silurian,  Devonian.  (/arl.)oniferous.  Triassic  and  Jurassic  eras. 

The  Cretaceous  shales  and  sandstones  rest  unconformably  upon 
the  granite  coini)lex.     'J'he  upper  j)ortion  of  the  Cretaceous  strata 
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shown  in  the  structure  section  was  the  surface  of  the  land  over  which 
the  ice  of  the  great  ice  sheet  passed,  and  the  till  overlying  this  was 
deposited  from  the  melting  ice.  The  upper  stratified  layers  shown 
in  the  section  must  not  be  confused  with  the  stratified  lavers  of  the 
Cretaceous  formation.  These  are  of  much  later  time,  and  are  the 
sediments  deposited  upon  the  bottom  of  glacial  Lake  Agassiz  at  the 
time  of  the  melting  away  of  the  ice  of  the  great  ice  sheet,  and  known 
as  the  lacustrine  deposits  or  lake  sediments. 

The  Older  Sedimentary  Roeks  of  the  Red  Rk'er  I'alley. — No 
]*alaeozoic  strata  have  been  encountered  in  borings  upon  the  ui)per 
portion  of  the  Red  River  valley,  but  older  formations  have  been  ob- 
served in  dee:)  borings  down  the  valley  toward  the  north.  At  Graf- 
ton, J 00  miles  north  of  l-'argo,  an  artesian  well  i)enetraled  .'HT  feet  of 
limestone  belonging  to  the  ( )r(lovician,  and  '^8S  feet  of  Cambrian 
shal'js  and  clays.  (L'pham.)  How  far  these  strata  extend  south- 
ward in  the  Red  River  valley  has  not  been  determined.  Several  ar- 
tesian wells  obtaining  their  water  supply  from  the  Dakota  sandstone 
occur  in  the  region  lying  between  Grafton  and  the  present  area,  but 
none  which  penetrate  deeper. 

The  sedimentary  rocks  of  the  eastern  portion  of  North  Dakota 
were  deposited  in  a  great  inland  sea  which,  during  Cretaceous  time, 
occupied  a  large  area  in  the  interior  of  the  continent.  All  the  strata 
encountered  in  borings  in  this  i)ortion  of  the  state,  except  the  gran- 
ite bed  rock,  are  shales  and  sandstone  dejiosite  1  as  sedinaents  in  this 
great  sea.  The  depth  at  which  these  strata  are  encountered  to  the 
westward  in  artesian  wells  shows  a  di])  westward  toward  a  syncline 
which  has  its  western  limits  on  the  flanks  of  the  Rocky  Mountains 
and  southward  in  the  Ulack  Hills. 

Post-Cretaeeous  Jirosiaii.— The  ])resL-nt  Red  River  of  the  North 
occui)ies  nearly  the  position  of  a  large  northward  flowing  stream  by 
which  was  formed  the  great  (le])re'^si(;n  now  occupied  bv  the  level 
plain  of  the  bottom  oi  glacial  lake  Agassiz.  The  excavation  of  this 
great  valley  occurred  after  the  (lep<^siti(;n  of  the  Cretaceous  sedi- 
ir.eiUs,  probably  when  the  great  j)ost-Mesozoic  U])lift  of  the  western 
part  of  the  continent  rendered  the  former  sea  bott:  m  Irv  land.  Hie 
preglacial  Red  River  valley  theref  »re  prcibably  represents  a  ])eriod 
i)i  erosion  continuing  from  the  close  of  the  Cretaceous  i)eriod  and 
Mesozoic  era  thnxigh  the  later  uplift  of  the  Tertiary.  The  present 
Red  River  of  the  North  flows  at  a  height  of  many  feet  above  that 
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of  the  older  river  which  occupied  the  same  great  valley  and  drained 
the  basin  now  occupied  by  the  level  plain  of  the  bottom  of  Lake 
Agassiz.  This  old  valley  was  deeply  mantled  with  drift,  borne 
southward  by  the  moving  mass  of  ice,  and  the  present  river  flows 
on  the  top  of  this. 

The  Manit<>l)a  escari^ment,     an     outcropping  of  the   Crotacci»nN 
shales  which  ft>rms  the  highland  limiting  the  Red  River  valley  on 
the  west,  was  thus  formed  bv  the  erosion  of  the  vallev  to  the  east, 
the  cut-off  edges  of  the  Cretaceous  sediments  constituting  the  escar])- 
ment.     If  tlieso  strata  once  continued  over  the  whole  southern  por- 
tion of  the  Red  River  vallev  in  North  Dakota  and  Minnesota,  as 
seems  most  probable,  they  have  lx?en  largely  removed  by  erosion. 
The  total  thickness  of  the  shales  and  sandstones  in  the  axial  portion 
of  the  Red  River  valley  on  the  latitude  of  Fargo  does  not  generally 
nuich  exceed  loO  feet,  as  determined  by  borings.     However  on  tlv," 
western  bonier  of  the  Red  River  valley  their  depth  is  unknown,  as 
no  borings  have  penetrated  to  the  granite.     The  deepest  borings, 
none  of  which  in  the  Red  River  valley  exceed  000  feet  in  dq>th  and 
those  of  the  adjoining  territory  to  the  west  not  exceeding  800  feet, 
reveal  successive  layers  of  shale  and  sand. 

The  Crclaccous  luinnafions. — Water  bearing  sands  are  encoun- 
tered at  different  lei)t]is  thnni^^hout  the  southeastern  portion  of  the 
state.  The  deeper  sands  have  br-en  generally  referred  to  the  Dakota 
forniaticn.  It  i<  sr>niewhat  problematical  whether  or  not  the  Den- 
ton formation  miderlies  the  drift  in  this  portion  of  the  Red  River 
valley.  T'ossils  are  not  (M'ten  obtained  from  borings  and  few  outcrop- 
])ini^^N  of  the  stnititied  series  r)ccur.  The  exact  age  of  the  strata 
which  form  tlie  lloor  l)eneat]i  th.e  drift  can  therefore  be  only  provi- 
sinnallv  stated.  l\\cellent  exjosures  of  the  l^ierre  shale  occur  in  the 
Afanit^'b.'i  escarpnu-nt  >eveniy  to  !<»'»  miles  north  of  the  latitude  of 
[\'irf:'>.  where  n'.inurons  small  streams  descend  to  the  plain  of  the 
]<('i\  River  valley  fi'Mm  the  liii^lier  lands  to  the  westward,  and  have 
er-Mlt'd  i]i«|)  ean>')iis  init»  the  sot't  >hale.  This  escarjmient  rises  nmro 
than  Ion  fort  al)!»ve  tlv.-  level  j-lain  i)\  the  ancient  lake  bottom  a  few 
inil«.s  V'. mil  of  tlir  intt-rnaii'  !ial  Ixuni-lary  and  lOo  miles  north  of  the 
latitude  "f  I'"ar.L:M  and  ( 'assi-hou.  having;  an  elevation  alx)ve  sea  level 
nf  1.:)no  feet.  (  rphani. )  This  liiiiihland  descends  gradually  south- 
ward to  aj^pr.  txiiuatrly  1,*i'»0  fort  alv  ve  sea  level  where  it  crosses 
the  western  ]K)rli"n  of  the  present  area. 
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Near  the  point  of  debouchure  of  the  Sheyenne  valley  into  the  Red 
River  valley,  about  ten  miles  southeast  of  Lisbon,  outcroppings 
of  shale  occur  in  the  sides  of  the  glacial  Sheyenne  valley  which  have 
been  by  Upham  provisionally  referred  to  the  Benton.  Also  shale 
penetrated  in  deep  borings  at  several  points  in  the  upper  Red  River 
valley  have  been  provisionally  referred  to  the  Benton  by  the  same 
authority.     (  T.  S.  G.  S.  ^Monograph  XX\',  p.  92,  also  chapter  x. ) 

The  *\seci)nd  clav"  of  drillers  is  encountered  in  the  vicinitv  of 
Fargo  at  depth's  of  less  than  200  fc-et  to  300  feet.  Clays  described 
by  drillers  as  "light  green,"  "decideil  green,"  and  "white  and 
chalky,**  and  "putty-like"  are  rej^orted  at  depths  of  208  feet  to  250 
feet,  and  in  the  deep  well  at  Mourhead  at  .'mO  feet.  These  clays  in 
every  case  extend  down  to  hard  granite  at^  2.')*i  feet  to  2I>S  feet,  and 
in  the  McK)rhead  deej)  well  t;.>  17o  feet.  In  the  last  named  granite 
was  penetrated  all  the  way  td  l,*.M)l  feet. 

In  the  vicinitv  of  Casselt  \\\  the  "second  clav''  is  struck  at  20:)  feet 
to  'JOG  feet,  and  deeper  clays  or  "third  clay,"  with  layers  of  hard 
pan  and  gravel  at  300  feet  to  520  feet.  White  clay  is  reported  from 
wells  in  the  vicinity  of  Casselton  at  292,  300  and  420  feet  respective- 
ly, with  hard  granite  below,  and  hard  granite  at  411,. -150,  470  and 
490  feet  respectively.  Flowing  wells  are  jiot  obtained  in  the  vicinity 
of  Fargo,  the  line  of  the  eastern  limit  of  the  Dakota  artesian  basin 
being  a  few'  miles  cast  of  Casselton.  Plowever,  deep  wells  yielding 
water  from  a  fine  white  sand  rock  are  common  about  Fargo,  in  which 
the  water  rises  nearly  to  the  surface  of  the  ground.  If  these  sands  arc 
provisif>nally  assumed  to  be  Dakota  in  age.  anl  hence  regarded  as 
the  eastern  continuation  of  the  Dakota  artesian  water  bearing  sands 
farther  west,  here  immediately  overlying  the  granite,  it  would  then 
be  natural  to  correlate  the  ''second  clay"  of  the  I^^argo  and  Casselton 
areas  with  the  Ilenton  shales  farther  west.  Tntil  fuller  field  records 
have  been  obtained  u]K>n  the  territory  to  the  south  and  west,  it  seems 
of  doubtful  utility  to  atten^pt  t<>  detinitely  assert  the  age  of  the  clay 
and  sands  underlying  the  drift  and  covering  the  granite  bed  mck  of 
the  upper  portion  of  the  Red  River  valley. 

The  Structure  Section. —  A  structure  secti(»n  from  western  Minne- 
sota across  the  Red  River  valley  on  the  latitu<le  of  l'\'irgo  shows 
the  granite  bed  rock  immediately  underlying  the  Cretaceous  shales 
and  sands,  the  former  passing  beneath  the  latter  toward  the  west. 
The  Cretaceous  formations  have  a  westward  dip  toward  the  great 
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synclinal  basin  in  which  the  latest  formations  within  the  state  of 
Xorth  Dakota  were  deposited  as  sediments  in  the  great  inland  sea. 
The  outcropping  edges  of  the  Cretaceous  strata  in  the  Manitoba  es- 
carpment represent  post-Cretaceous  erosion,  by  which  the  great  pre- 
glacial  Red  River  valley  was  formed  as  a  trough  across  the  eastern 
edge  of  the  great  syncline.  The  glacial  deposits,  till  and  lacus- 
trine sediments,  represent  the  later  work  of  the  glacial  period,  and 
the  somewhat  broken  line  marking  the  upper  limit  of  the  section  rep- 
resents the  present  land  surface. 

Over  all  the  region  included  in  this  pai>er  borings  penetrate  below 
the  drift  into  Cretaceous  shales  and  sands,  and  upon  all  except  the 
western  one-third  of  the  area  below  these  into  hard  granite.  The 
lowest  of  these  Cretaceous  strata,  and  upon  the  eastern  portion  of  the 
area,  it  mav  be  the  onlv  one,  is  the  Dakota  formation.  Farther  west 
and  beyond  the  Manitoba  escarpment  the  Benton,  Niobrara  and 
Pierre  shales  are  encountered  in  ascending  order. 

The  occurrence  of  the  I*cntcn  upon  the  floor  of  the  Red  River 
valley  has  been  discussed  elsewhere  in  this  paper. 

The  deepest  borings  in  the  territory  immediately  west  of  the  Red 
i^iver  valley  do  not  penetrate  l)elow  the  Dakota  sandstone,  but  it 
may  Ix?  su])posed  that  at  some  distance  west  successively  older  forma- 
tions would  be  encountered  at  still  greater  depths,  and  finally  the 
granite  bed  rock  at  the  bottom  and  below  all. 

The  occurrence  of  artesian  wells  which  derive  their  wr.ter  from  a 
sandstone  formation,  over  much  of  eastern  Xorth  Dakota,  is  ex- 
l)laincd  by  the  structure  of  the  svnclinal  basin  which  extends  west- 
ward from  the  region  of  the  Re- 1  River  of  the  North  to  the  Rocky 
MfHintains,  and  southward  to  the  TUack  Hills.  Flowing  wells  from 
\Ym  Dakota  sandstone  horizon  are  obtained  at  dq>ths  of  200  feet  near 
the  eastern  limits  of  the  artcsi'jn  basin,  at  400  to  oOO  feet  upon  the 
wcstcrii  ])ortion  of  the  Retl  River  valley,  at  depths  ranging  from 
nr)()  feet  to  Soo  feet  twenty  to  thirty  miles  west  of  the  Red  River 
valley,  and  still  farther  west  in  the  valley  of  the  James  river  at  825 
to  l.oOO  feet. 

The  western  outcrop])ing  \i([^(^s^  of  the  Dakota  formation  flank  th^ 
eastern  highlands  of  the  Rocky  Mountains,  and  the  Black  Hills,  and 
it  is  from  these  regions  that  the  water  is  supposed  to  be  derived 
Here  the  rains  ])enetrate  the  porous  sandy  formation  lying  at  the  sur- 
face at  altitudes  from  -1,000  to  0,000  feet  above  sea  level,  and  trav- 
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eras  the  sandstone  layers  to  the  eastern  portion  of  the  syitdine.  At 
Jathestown  and  Devils  Lake  the  water  bearing  formation  is  encoun- 
tered at  abont  sea  level.  The  artesian  water  bearing  horizon  of  the 
wtion  rises  to  about  700  fe«  above  sea  level  upon  the 
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IM  Ae  mnCfi  titer  shale  can  be  at  pre^ient  ^ven.  was  very  great. 

The  occurrence  of  white  and  green  varicolored  clay,  from  five  to 
fifly  feet  ill  (ieptii.  an  1  in  the  de;p  well  at  Moorheai  105  feet,  over- 
lyinjr  the  li-ird  granite,  indicating  a  decomposed  and  much  changed 
fioadttwn  of  tiw  grauite,  shows  that  the  granite  was  long  exposed  1o 
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the  action  of  atmospheric  agencies  before  the  surmergence  of  the  old 
land  surface  and  the  deposition  of  the  Cretaceous  sediments. 

That  the  Cretaceous  sediments  overlying  the  granite  were  also 
laid  down  in  a  shallow  sea  is  shown  by  thin  beds  of  coal  encountered 
in  the  sandstone  formation  which  overlies  the  granite,  and  which 
has  been  referred  to  the  Dakota. 


THE  WATER  SUPPLY. 
]>v  Daniel  E.  Willard. 

Dependence  Upon  li\ils, — The  southeastern  portion  of  North  Da- 
ki,ta  is  intcrsL^cicd  bv  the  Red  River  of  the  North  and  several  tribu- 
tarics,  each  entrenched  in  a  well  defined  channel.  The  larger  of 
these  streams  are  never  dry,  and  the  smaller  only  during  very  dry 
seasons,  but  owing  to  the  generally  level  topography  of  the  region 
their  currents  become  very  sluggish  during  the  summer,  and  the  wa- 
ter, which  receives  organic  matter  from  the  banks  along  their 
courses,  is  therefore  not  suitable  for  household  purposes  without  fil- 
tering and  boiling.  It  is,  howxver,  used  for  stock  by  those  farm- 
ers whose  buildings  are  situated  near  the  banks  of  the  streams.  The 
Red  River  of  the  North  is  the  source  of  the  general  supply  for  the 
cities  of  Fargo  and  Moorhead  for  street  sprinkling,  lawns,  fire  pro- 
tection and  laundry  purposes,  not  however  for  culinary  or  general 
d(>mcstic  i)urposcs.  The  supply  from  streams  which  is  within  prac- 
ticable reach  of  the  inhabitants  of  this  portion  of  the  state  for  any 
])urp(jse  is  limited  to  the  C(^mparatively  few  \yho  live  near  the  banks 
of  the  larger  streams.  I5y  far  the  greater  number  of  the  inhabitants 
are  so  si:uate<l  that  a  water  su;;'i>ly  from  any  stream  is  impracticable, 
and  the  dejXMulence  is  upon  wells.  The  Red  River  of  the  North. 
with  its  ])riiicipal  tributaries,  the  Sheyenne,  the  Wild  Rice  and  the 
Maj)lo,  are  tlie  only  perennial  streams,  and  but  few  coulees  intersect 
the  iiitcrveniiii^  lands.  Outside  the  cities  of  Fargo  and  Moorhead 
])n>l)ably  fully  nine-tenths  of  the  po})ulation  is  dependent  up>on  wells 
for  a  watrr  su]>])ly  for  all  purposes,  while  not  more  than  one-tenth 
could  witliout  L^roat  labor  and  inconvenience  obtain  their  farm  water 
supply  ir<m^  streams. 

Spiifii^s. — 'I1u*  occurrence  of  s])rinp;-s  within  the  level  bottom  of 
tlu' J\ed  Riwr  valley  is  extremely  rare.     The  water  seeping  under 
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the  heavy  lacustrine  clays  from  the  regions  along  the  borders  of  the 
valley  arc  effectually  held  down  by  the  impervious  clay,  so  that  what 
would  otherwise  break  forth  as  springs  is  now  held  in  confinement, 
furnishing  water  for  the  tubular  and  Pleistocene  artesian  wells,  where 
the  restraining  clay  is  penetrated  in  drilling.  As  the  river  valleys 
become  deeper  by  erosion,  springs  break  forth  from  the  banks  bound- 
ing the  valleys,  the  waters  being  conveyed  to  the  surface  along  the 
horizontal  layer  of  porous  gravel  and  sand.  Such  springs  now  ex- 
ist in  the  deep  valleys  of  the  Red  River  of  the  North,  and  in  the 
deep  valley  of  the  Sheycnnc  before  it  debouches  upon  the  level  plain 
of  the  bottom  of  Lake  Agassiz  alx)vc  its  own  delta.  Si)rings  occur 
upon  the  level  plain  of  the  Red  River  valley,  sometimes  due  to  the 
hydrostatic  pressure  from  the  surface  waters  penetrating  the  gn)un(l 
upon  higher  land,  which  causes  the  soil  water  table  to  rise  to  the 
surface  of  the  ground.  A  notable  instance  of  this  kind  fxrcurs  along 
the  front  of  the  Sheyenne  delta  where  crossed  by  the  l^'argo  & 
Southwestern  branch  of  the  Northern  Pacific  railwav  at  Woods 
station.  Here  a  springy  tract  is  caused  by  the  waters  which  soak 
into  the  sandy  soil  of  the  Sheyenne  delta  and  rise  to  the  surface  a 
few^  miles  east  upon  the  level  plain  which  borders  the  delta. 

IVells. — Tlie  conditions  upon  this  area  therefore  render  the  prob- " 
lem  of  an  adequate  water  sujyply  from  wells  one  of  the  greatest  im- 
jx)rtance,  since  the  sole  dependence  for  the  great  majority  of  farm 
residents,  as  well  as  those  living  in  towns,  for  a  supply  for  all  pur- 
poses, must  be  from  this  source,  save  only  that  which  can  be  caught 
upon  the  roofs  of  buildings  and  stored  in  cisterns  (an  amount  barely 
sufficient  for  strictly  household  purposes).  The  su])ply  for  drinkino^ 
and  culinary  purposes  for  the  cities  of  Fargo  and  Moorhead  is  de- 
rived from  deep  wells.  Nature  has,  however,  dealt  bountifully  in  sup- 
plying water  from  wells.  While  nearly  the  entire  water  supply,  as  ' 
has  been  shown,  nuist  Ixi  derived  from  wells,  over  considerable  areas 
flowing  wells  can  be  obtained  fn>m  shallow  depths,  and  upon  the 
whole  district  an  inexhaustible  supply  of  fairly  g(^od  water  can  be 
obtained  with  but  little  lift  in  ])iunping. 

The  wells  of  this  region  may  U-  j^roupcd  int<'>  four  classes:  fa) 
Shallow  surface  or  seepai^e  wells  :  1 1>)  deeper  l><>re(l  or  tubular  wells, 
in  which  the  water  rises  due  to  pressure  fn^m  a  head ;  (c)  artesian 
wells  deriving  their  water  su])ply  in>m  sand  and  gravel  beds  in  the 
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drift,  called  Pleistocene  artesian,  wells,  and  (d)  artesian  wells  deriv- 
ing their  water  supply  from  the  Dakota  sandstone. 

There  are  comparatively  few  wells  of  the  first  class,  and  they  are 
of  little  interest  either  from  a  geological  or  an  economic  standpoint. 
They  are  of  interest  as  showing  the  height  of  the  soil  water  table, 
and  the  fluctuations  in  its  level  during  seasonal  changes.  The 
water  in  such  wells  is  often  strongly  alkaline  and  unfit  for  any  do- 
mestic use.  The  waters  of  the  shallow  wells,  however,  differ  greatly 
in  quality  even  in  wells  separated  by  very  short  distances  and  diflFer- 
ing  but  little  in  depth.  This  circumstance  shows  the  variability  of 
structure  and  character  of  the  deposits  from  the  melting  ice  sheet 
which  constitute  the  bottom  of  the  ancient  Lake  Agassiz.  Frequently 
(lug  wells  furnish  water  which  is  of  good  (juality  from  a  digging 
having  a  gravelly  bottom.  When  however  the  water  is  derived  from 
a  vein  which  contains  a  mixture  of  clay  the  water  is  very  likely  to 
be  of  a  very  strongly  alkaline  character  and  may  contain  other  un- 
pleasant or  injurious  impurities.  Tlie  examination  of  waters  from 
wells  having  clay  bottoms  indicates  that  the  sediments  deposited 
upon  the  lx>ttom  of  glacial  Lake  Agassiz  contained  alkaline  and  other 
substances  which  render  the  water  impure. 

Two  exceptions  to  the  general  conditions  regarding  surface  wells 
arc  worthy  of  note.  Thi^se  are  in  the  depth  and  character  of  the 
water  of  the  wells  on  the  sandy  area  of  the  Maple  ridge,  which 
traverses  the  course  of  the  Maple  river  in  Cass  county,  and  in  the 
wells  on  the  Sheycnne  delti  phiin  in  Richland,  Cass  and  Ransom 
counties. 

V\)nn  these  sanely  tracts  surface  wells  from  twelve  to  twenty-six 
feet  (leei)  occur,  furnishing  inexhaustible  supplies  of  water  of  very 
excellent  quality.  The  water  is  usually  contained  in  sand  or  fine 
gravel,  and  is  commonly  soft,  antl  is  perhaps  the  most  nearly  pure 
of  any  water  in  this  ]K>rtion  of  the  state. 

These  conditions  are  ex])laine(l  by  the  sand  de|>osits  which  act 
both  as  reservoirs  and  filters  fcr  the  waters  which  fall  upon  the  sur- 
face as  rain  ami  snow.  The  clay  which  underlies  the  beach  sand 
serves  a>  a  dish  Xn  ]  revent  the  ])ercol'ition  of  the  water  to  lower 
depths,  and  tlie  general  surface  is  so  free  from  any  drainage  slope 
that  the  water  is  lield  in  the  sand  reservoir  of  the  beach.  Similarlv 
on  the  cU'lta  ])lain  clayey  layers  oeciir  in  the  deiK>sit  sufficient  to 
make  tlie  downward  i)ercolation  of  tlie  waters  slow.     The  sands  both 
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of  the  beach  and  the  delta  were  effectually  washed  by  the  waters 
of  the  lake  during  the  time  of  their  deposition,  and  thus  were  rinsed 
of  the  soluble  salts  such  as  impregnate  the  drift  and  lacustrine  depos- 
its generally. 

Tubular  Wells, — Tubular  wells  are  common  over  nearly  all  parts 
of  southeastern  North  Dakota,  and  furnish  probably  tliree-fourths 
of  all  the  water  used  by  the  inhabitants  for  all  purposes.  By  a  tubu- 
lar well  is  meant  one  made  by  boring  with  an  auger,  tubes  thus  made 
ranging  in  diameter  from  two  to  thirty  inches.  Frequently,  how- 
ever, a  digging  is  made  with  a  spade  to  a  depth  of  twelve  to  thirty 
feet,  and  then  an  auger  is  used  to  penetrate  deeper  till  the  water 
bearing  vein  is  reached. 

Tubular  wells  range  in  depth  from  twenty  to  200  feet,  and  the 
water  often  rises  to  within  two  to  eight  feet  of  the  surface  of  the 
ground,  and  sometimes  stands  even  with  the  surface.  A  general- 
ized section  of  a  boring  for  a  tubular  well  would  show  black  soil 
from  two  to  eight  feet  from  the  surface,  followed  by  stratified  dark 
silt  layers  to  a  depth  of  thirty  to  seventy  feet,  and  below  boulder 
clay  or  till.  The  bottom  of  the  drift  is  generally  reached  at  depths 
not  exceeding  200  feet  from  the  surface,  though  the  horizon  between 
the  drift  and  the  shale  cannot  always  be  clearly  distinguished  owing 
to  the  similarity  between  the  boulder  clay  and  the  shale-clay. 

Sometimes  the  tubular  wells  derive  their  water  su[)ply  from  lay- 
ers of  sand  in  the  lacustrine  de|X)sits,  sometimes  from  gravel  and 
sand  at  the  horizon  between  the  lacustrine  silt  and  the  till,  sometimes 
in  gravel  and  sand  strata  in  the  till,  and  again  the  vein  may  be  struck 
at  the  bottom  of  the  drift,  while  not  infretiuently  the  driller  repc)rts 
penetrating  the  "soapstone,"  the  drillers'  term  for  the  Cretaceous 
shale-clay,  before  any  water  bearing  vein  of  sufficient  amount  is 
struck. 

From  whatever  horizon  the  water  is  derived,  however,  the  same 
general  conditions  prevail  determining  the  behavior  of  the  water, 
viz.,  a  compact  and  impermeable  layer  or  bed  of  clay  overlving  the 
w-ater  bearing  stratum,  no  sign  of  water  apjx^arini:^  until  the  lx)ltom 
of  this  clay  is  reached.  The  water  rushes  u]>  the  tulx*  often  with 
considerable  force,  and  it  is  reported  on  good  authority,  in  wells  in 
which  a  digging  had  first  Ikx'u  made  and  a  hand  auger  used  for  the 
deeper  boring,  that  it  is  sometimes  w^ith  difticulty  that  the  well  digger 
is  able  to  avoid  being  drowned  before  he  could  be  lifted  out  of  the 
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well.  Tlie  supply  of  water  is  practically  inexhaustible,  it  often  be- 
ing impossible  to  lower  the  water  in  the  tube  or  digging  to  any 
appreciable  extent  even  with  the  use  of  a  wind  mill  or  steam  pump. 
Sometimes  the  water  can  be  lowered  appreciably  by  pumping,  the 
water  resuming  its  original  height  in  the  well  within  a  short  time 
after  pumping  ceases. 

Pleistocene  Artesian  Wells, — It  will  be  observed  that  the  differ- 
ence between  the  so-called  "tubular"  wells,  in  which  the  water  rises 
nearly  or  quite  to  the  surface  of  the  ground,  but  does  not  actually 
flow,  and  an  artesian  well  of  the  Pleistocene  class,  in  which  the  wa- 
ter flows  over  the  top  of  the  tubing,  is  one  of  difference  in  the  lifting 
pressure  or  head  merely.  Every  gradation  in  head  can  be  seen  in 
the  wells  in  this  region,  from  those  in  which  there  is  very  little  ris- 
ing of  the  water  in  the  tube  but  into  whidi  the  water  enters  very 
readily,  through  the  different  heights  to  which  the  water  is  elevated 
in  the  tube  to  the  flowing  well  in  which  there  is  a  flow  sustained  by 
good  pressure. 

In  the  northern  part  of  Cass  county  flowing  wells  are  obtained 
at  depths  ranging  from  forty  to  200  feet."  There  are  also  a  few 
wells  in  the  southwestern  portion  of  Cass  county  in  Davenport  and 
Leonard  townships,  belonging  to  this  class  which  range  in  depth 
from  thirty  to  IT.")  feet.  These  wells  do  not  flow  with  strong  pres- 
sure, and  the  flow  is  subject  to  weakening.  Such  wells  in  some  cases 
have  ceased  to  flow  entirely  and  have  to  be  pumped.  It  is  likely 
that  in  many  cases  the  cessation  has  been  due  to  faulty  construc- 
tion in  the  well  tubing  or  to  infiltration  ^f  sand,  and  not  to  any 
real  loss  of  pressure  due  to  the  head. 

A  well  in  section  28,  Davenport  township,  at  a  deptli  of  eighty 
feet,  yielded  a  strong  flow  of  nearly  1,000  barrels  when  first  drilled. 
Two  wells  in  tlie  northern  part  of  the  same  section  are  respectively 
eighty-seven  and  120  feet,  both  of  these  yielding  only  light  flows. 
One  of  tliesc,  that  at  eip^hty  feet,  has  ceased  to  flow  and  requires  to 
Ik'  ])iinipe(l.  Another  in. tlie  southeast  cc^rner  of  section  20 
yiel(l>  a  small  How.  and  also  one  at  113  feet  in  section  34, 
a  small  stream.  In  section  11,  Leonard  township,  a  light  flow 
was  obtained  fr(»ni  a  (Iq)tli  (»f  1^1  feet,  and  in  section  3  one  at 
11. "i  feet,  a  quite  vii^^orous  \V>\\  was  at  first  obtained,  but  soon  became 
very  lii^lit.  furnishincT  an  amount  barely  sufficient  to  supply  the 
liouseli(»l(l  and  farm  demands. 
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These  wells  vary  not  only  in  the  depth  at  which  water  is  obtained, 
but  also  in  the  quality  of  water.  In  most  cases  the  water  is  of  fairly 
goo^'l  quality  for  general  purposes,  and  is  not  infrequently  soft  and 
suitable  for  laundry  {vurposes.  In  none  of  these  wells  is  there  the 
characteristic  saltiness  which  is  uniformly  present  in  the  deeper 
artesian  wells  in  which  the  supply  is  obtained  from  the  Dakota  sand- 
stone. Shallow  artesian  wells  also  occur  at  a  few  places  in  Buf- 
falo township,  Cass  county. 

The  Source  of  the  JVater, — The  source  of  the  water  in  these  shal- 
low flowing  wells,  like  that  of  a  great  number  of  tubular  wells  in 
the  district,  is  in  beds  of  glacial  gravel  and  sand.  The  great  varia- 
tion in  the  depth  of  these  wells  within  short  distances  indicate  that 
the  veins  which  are  the  sources  of  the  water  are  not  only  of  differ- 
ent depths,  but  that  these  lie  in  comparatively  narrow  zones  or  belts, 
rather  than  in  broad,  widely  extended  sheets.  A  variation  in  de])th 
between  forty  and  134  feet  within  a  distance  of  less  than  two  miles 
in  the  area  of  flowing  wells  in  southeastern  Cass  county ;  three 
flowing  wells  having  depths  of  100,  125  and  145  feet,  all  within  the 
area  of  one  section  in  Spring  Prairie  township,  Cass  county,  indi- 
cate distinct  and  separate  reservoirs  from  which  the  water  supply 
is  derived  in  each  case.  Similar  figures  showing  marked  variation 
in  the  depths  of  the  water  veins  in  tubular  wells  where  the  water 
in  each  case  rises  within  a  few  feet  of  the  surface  of  the  ground,  but 
does  not  flow,  are  similarly  explained.  F^nir  wells  in  section  .'51, 
Klmwood  township,  are  res])ectively  J>0,  110.  117  and  "301  feet  in 
depth,  and  the  water  rises  respectively  to  within  four,  nine,  ten 
and  si:{teen  feet  of  the  to])  of  the  ground.  Similar  diversities  in 
dej^th  characterize  the  whole  area. 

It  has  frequently  been  observed  that  in  the  excavation  or  l^K-^ring 
for  a  second  well  within  a  few  mds  nr  cvt-n  a  ivw  feet  from  ono 
which  had  furnished  an  abundance  of  water,  but  which  had  choked 
with  sand  or  otherwise  become  disused,  a  thinner  gravel  or  sand 
vein  was  encountered  at  ab'Mit  tlie  ^anie  dei)th  as  the  water  bearing 
vein  in  the  first  well,  but  no  water  or  hut  a  scant  su|vply  was  < obtained. 
Sometimes  no  trace  <»f  such  a  vein  as  tliat  wliich  yielded  the 
water  in  the  first  well  was  found  in  the  second  lH>ring.  It  seems, 
therefore,  that  the  gravel  or  sand  veins  are  not  continuous  over  large 
areas,  and  that  they  thin  rapidly  and  cease  altogether.  It  would 
seem,  how-ever,  from  the  ahimdant  supply  of  water  and  the  strong 
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head  in  most  of  the  tubular  wells,  and  the  Pleistocene  Artesian  wells, 
that  the  veins  extend  for  consi<lerable  distances  along  some  line  of 
direction. 

The  higher  lands  outside  the  limits  of  the  Red  River  valley  where 
frequent  sandy  and  gravelly  tracts  occur,  and  where  the  surface 
drift  is  often  loose  and  porous  in  texture,  furnish  a  suitable  gather- 
ing ground.  Here  the  water  falling  as  rain  penetrates  the  porous 
soil  and  is  conducted  through  the  gravel  beds  to  the  lower  levels. 
The  preglacial  valley  in  wiiich  Lake  Agassiz  existed  formed  a  basin 
or  trough  in  which  the  glacial  materials  were  deposited  from  the 
ice  sheet,  and  it  is  thus  that  porous  tracts  of  gravel  and  sand  may 
be  so  placed  as  to  afford  conduits  or  underground  channels  to  con- 
vey the  water  which  penetrated  the  grounds  upon  the  higher  lands 
outside  the  vallev  to  the  lower  levels  beneath  the  surface  of  the  lake 
floor.  The  compact  and  impenetrable  clay  above  and  below  the  por- 
ous sandy  or  gravelly  layers  serves  to  effectually  prevent  the  disper- 
sion of  the  waters,  and  thus  when  a  vertical  boring  from  the  level 
lake  floor  penetrates  through  the  compact  clay  into  the  saturated 
sands  and  gravels  the  water  in  these  layers  immediately  rises  in 
resiionsc  to  the  simple  hydrostatic  principle. 

Some  borings  are  recorded  which  penetrate  to  the  bed  rock,  and 
no  considerable  amount  of  water  was  obtained.  This  is  explained 
by  the  narrow  arcal  extent  of  the  water  bearing  layers,  such  borings 
having  penetrated  no  veins  of  gravel  or  sand  of  such  extent  as  to 
contain  any  large  amount  of  water. 

Wells  of  the  Dakota  .Irfcsian  Basin. — The  western  two-thirds  of 
the*  ("assclton  cjuadrangle  lies  within  the  Dakota  artesian  basin.  On 
tliis  part  <)i  tlic  quadrangle  strong  flows  are  obtained  at  depths  rang- 
ing: from  2^)0  to  more  than  oOO  feet.  The  water  is  obtained  in  all 
cast's  from  a  fine-grained  sand  of  loose  texture.  It  is  generally  con- 
coded  that  tlic  formation  froni  which  the  water  is  obtained  is  the 
Dakota  formation. 

TIk'  water  in  these  wells  is  generally  salt  and  not  suitable  for  irri- 
gation j)nrj)oses,  though  it  is  not  found  to  have  any  injurious  effects 
ni)on  animals  that  drink  it,  and  it  is  (juite  agreeable  to  the  taste  after 
it  Ikjs  become  halntual.  The  water  is  often  not  as  hard  as  that 
obtained  from  the  more  shalhnv  l^leistocenc  flowing  wells,  or  the 
tubular  wells. 
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The  wells  vary  considerably  in  depth.  Tliis  seems  to  be  due  to 
the  occurrence  of  alternating  layers  of  sandstone  and  shale,  in  some 
cases  a  sufficient  flow  being  obtained  in  the  first  sand,  and  in  other 
cases  the  second  sand  layer  being  penetrated,  and  not  infrequently 
more  than  one  water  bearing  vein  is  struck  in  the  same  boring. 

In  section  10,  Walburg  township,  Cass  county,  two  flowing  wells 
about  forty  rods  apart  are  resi)ectively  2(io  and  440  feet  in  depth. 
Four  miles  north,  in  section  vM;,  Gill  township,  water  was  obtained 
first  at  3()*^  feet,  but  insufficient  in  amount,  and  an'.)ther  flow  in  the 
same  lK)ring  was  struck  at  10.5  feet. 

In  section  3'3,  Amenia  townsliip,  Cass  county,  two  flowing  wells 
one-fourth  mile  apart  arc  respectively  3o0  and  4^)0  feet  deep.  Five 
miles  southeast,  in  section  21,  Casselton  townshi]),  two  veins  from 
which  water  flows  over  the  surface  of  the  ground  were  struck  at  'M)0 
and  4*25  feet  resj)ectivcly.  In  the  southeastern  part  of  Walburg 
township,  within  a  radius  of  one  mile,  occur  five  flowing  wells  at 
depths  respectively  of  2^0,  41 1,  430,  434  and  4(10  feet. 

The  granite  bed  rock  has  been  struck  in  four  places  near  the 
eastern  edge  of  the  Casselton  quadrangle,  at  depths  of  411,  460,  470, 
and  475  feet  respectively,  and  very  little  water,  or  none  at  all,  was 
obtained.  The  records  of  these  borings  so  far  as  obtainable  do  not 
show  the  occurrence  of  the  characteristic  water  bearing  Dakota 
sandstone. 

The  pressure  of  the  wells  of  the  Dakota  artesian  class  increases 
toward  the  west.i:i  this  district.  In  the  zone  of  the  shallower  wells 
of  this  class,  those  having  depths  ranging  from  -100  to  300  feet,  the 
pressure  is  not  great,  and  the  water  is  generally  not  able  to  be  con- 
ductefl  more  than  five  or  six  feet  ab:)ve  the  surface  of  the  ground. 
As  the  depth  at  which  the  water  is  obtained  becomes  greater  toward 
the  west,  the  ]>ressure  of  tlie  water  bec(.>mes  greater.  In  alx^ut  the 
center  of  the  Casselton  (juadrangle  is  a  zone  in  which  the  calcu- 
lated height  to  which  the  water  might  be  carried,  as  determined  from 
the  well  ])ressures,  is  l.Ooi)  feet  above  sea  level,  or  al)out  fifteen  to 
twentv  feet  above  the  surface  of  the  irn)und.  1die  l.ooo-foot  contour 
traverses  nearlv  centrallv  the  zone  of  wells  of  300  to  100  feet  in 
depth.  Another  contour  line  representing  a  height  of  1.100  feet 
above  sea  level  traverses  nearlv  midwav  the  zone  of  wells  of  400 
to  500  feet  in  depth,  and  lies  alxnit  five  to  six  miles  west  of  and 
nearly  parallel  with  the  1,000-foot  contour.     The  height  of  the  land 
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surface  above  sea  level  in  this  zone  averages  about  1,060  feet,  giving 
a  lift  of  the  water  above  the  surface  of  approximately  fifty  feet. 
From  three  to  five  miles  west  of  this  contour  is  another  marking  the 
1,200-foot  elevation  above  sea  level,  this  contour  traversing  the  ter- 
ritory which  lies  adjacent  to  the  Red  River  valley,  but  beyond  the 
area  covered  by  the  waters  of  Lake  Agassiz.  This  contour  in  a  gen- 
eral way  runs  parallel  with  the  1,100-foot  and  the  1,000-foot  con- 
tours. The  calculated  height  to  which  the  well  pressure  would 
carry  water  in  this  region  is  from  fifty  to  nearly  100  feet  above  the 
surface  of  the  ground. 


THE  WATER  SUPPLY  OF  THE  TOWER  QUADRANGLE. 

By   H.    V.   HiBBARD. 

Description  of  the  Area, — The  region  included  under  the  present 
discussion  is  approximately  twenty-four  miles  wide  and  thirty-five 
miles  long,  its  greater  extent  being  from  north  to  south.  The  north- 
ern boundary  is  about  five  miles  north  of  and  parallel  wuth  the 
Northern  Pacific  railway  l)ctween  Buffalo  and  Valley  City.  The 
western  lx>undary  runs  through  Valley  City  and  follows  nearly  the 
course  of  the  Shevennc  vallev  southward.  The  southern  boundary 
runs  east  and  west  about  one  and  one-half  miles  south  of  Fort  Ran- 
som. 

A  part  of  each  of  three  counties  make  up  the  area  of  the  Tower 
quadrangle.  A  portion  of  the  northern  part  of  Ransom  county  oc- 
cupies the  southern  one-fourth  of  the  quadrangle.  The  eastern  third 
of  the  remainder  is  the  southwest  corner  of  Cass  countv.  The  south- 
oast  corner  of  ]>arnes  county  fills  out  the  rest  of  the  area. 

77/ 1'  Water  Resources. — As  a  fact  of  general  interest  under  this 
sul>jcct  it  mav  be  stated  that  since  the  annual  rainfall  is  about  twenty 
inches,  and  llie  rate  of  evaporation  for  the  same  time  Is  about  twenty- 
five  inches,  the  only  available  supply  of  water,  except  that  from 
artesian  wells,  is  that  wliich  soaks  into  the  earth  and  is  retained  in 
reservoirs  ol  pornus  sand  and  <:(ravcl. 

In  considerinii;-  the  surface  waters  mention  should  be  made  of  the 
stri\'nns  l)(»tii  intermittent  and  constant,  the  lakes,  undraincd  sloughs 
and  jionds  and  sprini^s. 

<  )nly  <ine  of  the  valleys  or  watercourses  noted  above  bears  a  per- 
ennial stream,  and  that  is  the  Shevenne  vallev. 
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The  Sheyenne  river  is  a  sluggish  stream  with  many  windings  in 
the  flood  plain  of  its  valley,  about  twenty  feet  wide,  from  a  few 
inches  to  three  or  four  feet  deep,  with  steep  mud  banks,  and  flowing 
with  a  fall  of  one  and  one-third  feet  per  mile.  From  \''alley  City 
south  to  Oakville  it  flows  through  a  shale  or  gumlx)  region,  having 
trees  and  shrubs  only  Ordering  its  immediate  banks.  From  Oak- 
ville to  Fort  Ransom  and  below  the  tree  vegetation  spreads  farther 
out  over  the  flats  adjoining  the  river,  and  up  the  steep  sides  of  the 
valley  and  penetrating  the  coulees  but  leaving  off  abruptly  before 
reaching  the  prairie  land  beyond.  During  the  rainy  season  this  quiet 
river  becomes  quite  a  torrent  sweeping  across  the  intervening  points 
between  the  bends  but  never  reachincr  the  second  flats  or  cultivated 
bottoms  above. 

The  ]Maple  river  is  an  intenniltenl  stream.  Its  valley  is  dry 
throughout  the  greater  part  of  the  year  except  for  sloughs  and 
ponds  of  stagnant  water  which  occur  at  intervals  along  its  course. 

Springs,  —  Springs  occur  along  the  valley  of  the  ^laple  river  and 
the  Sheyenne  and  their  tributary  coulees.  Usually  the  water  from 
this  source  is  usable,  being  free  from  alkaline  and  saline  salts  which 
contaminate  the  water  from  many  shallow  wells.  Considering  the 
living  springs  and  those  which  may  be  uncovered  by  a  little  excava- 
tion this  source  of  water  supply  is  imix)rtant,  especially  in  the 
Sheyenne  valley  in  the  southwestern  part  of  the  quadrangle.  A 
spring  is  merely  a  leak  or  emergence  of  the  underground 
waters  back  to  the  surface.  The  general  conditions  necessary, 
therefore,  for  the  development  and  maintenance  of  a  spring  are  a 
sufficiently  large  gathering  area,  a  subterranean  reservoir  consisting 
of  a  sufficiently  porous  and  extensive  stratum  which  c)utcr()])s  in  the 
surface  or  is  connected  with  it  by  means  ni  an  imjxTvious  layer 
along  which  the  water  may  Hdw. 

The  gathering  area  in  this  instance  is  the  upland  prairie  bordering 
the  Sheyenne  or  Maple  rivers.  The  mixture  of  clay,  sand,  gravel 
and  boulders,  the  so  called  drift,  overlies  the  bed  roek  df  <^liale  of 
this  region  to  a  dejnli  of  ab  uit  inii  fcc-t.  Throui^hont  this  drift,  sand 
and  gravel  strata,  and  es])eeially  ilie  terraced  or  shelf  like  (K'j)osits  on 
the  valley  sides,  occur.  These  then  furnish  ani])le  store  room  for  the 
collection  of  rainfall,  and  the  impervious  clay  of  the  same  drift  or 
the  shales  beneath  provide  a  floor  for  retaining  the  water  and  along 
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which  they  find  their  way  to  the  outcrop  on  hill  side  or  valley 
slope. 

SloH^i:;Jis  and  Ponds, — The  landscape  features  "which  impress 
themselves  upon  the  notice  of  the  wayfaring  man  especially  during 
the  wet  season  are  the  ponds,  sloughs  and  marshes.  They  are 
evervwhere.  Even  in  the  immediate  vicinitv  of  the  water  courses 
they  crowd  up  to  the  very  banks.  Here  indeed  one  would  expect 
the  stream  to  turn  aside  or  send  a  heading  tributary  back  into  and 
drain  the  ponds  near  by.  But  as  before  mentioned  the  valleys  seem 
to  be  laid  out  without  any  reference  whatever  to  the  task  of  carry- 
ing away  the  surplus  surface  waters.  As  a  matter  of  fact  there  are 
no  modern  or  recently  formed  channels.  The  valleys  and  water- 
courses  here  formed  were  prc^luced  by  the  water  flowing  from  a 
great  sheet  of  melting  ice  which  once  oversi)read  the  entire  prairie 
during  the  period  in  geological  history  known  as  the  Ice  Age. 

As  the  dry  season  advances  these  surface  waters  rapidly  waste 
away  by  evaporation.  Only  the  deeper  depressions  retain  a 
permanent  supply ;  those  whose  depths  reach  below  the  permanent 
subterranean  water  level. 

Subterranean  JVater. — The  wells  of  this  quadrangle,  although 
varying  greatly  in  dq)th,  obtain  their  water  supply  from  three 
dift'crent  horizons  cc^rresponding  to  the  rock  structure  underlyinir 
the  region.  The  Ix'd  rock  consists  of  shale  or  what  is  variously 
called  "slate,"  **sc)ai)stone"  or  "hard  pan."  It  is  a  clay  formation, 
white  or  dark  blue  in  color,  and  of  fine  texture  and  arranged  in 
horizontal  layers.  Overlying  this  slate  is  a  mantle  or  covering  of 
what  is  called  "drift,"  a  mixture  of  clay,  sand,  gravel  and  large 
stones.  The  thickness  of  this  mantle  rock  varies  from  a  few  inches 
to  150  feet.  Oyer  by  far  the  greater  part  of  the  region  the  drift 
may  ayerage  eighty  feet  in  thickness.  The  greater  numlyn"  of  wells 
reach  water  before  i)enetrating  this  drift  formation.  The  second 
water  horizon  lies  in  the  shale  or  slate  stone  beneath  the  drift.  The 
third  horizon  is  that  from  which  the  artesian  water  is  obtained  and 
lies  at  a  depth  of  from  400  to  (iOO  feet. 

In  consi<lering  the  wells  i^\  the  first  horizon,  or  those  which  do 
not  penetrate  the  drift  and  enter  the  shale  below,  one  finds  great 
variation  in  the  comi)ositi<»n  and  arrangement  of  the  components  of 
the  rock  mantle  passed  through  in  order  to  reach  water.  Altliougli 
this  lack  of  definite  order  prevails  a  fe\y  general  statements  mav  be 
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made  that  hold  good  when  a  large  number  of  well  records  are  ex- 
amined. As  much  as  75  i)er  cent  of  the  mantle  rock  of  the  eighty  to 
100  feet  before  noted  is  clay  made  up  of  the  varieties  yellow,  blue 
and  stony,  but  not  generally  hard  or  very  tenaceous,  there  being  a 
sufficiently  large  constituent  of  sand  intermingled  to  make  it  Hght  or 
easily  worked.  The  remaining  2o  ])er  cent  is  made  up  of  sand, 
([uicksand  and  gravel.  This  is  distributed  through  the  clay  in 
lenticular  masses  and  lavers  varvini*"  from  a  few  inclies  to  several 
feet  in  thickness.  This  stratification  of  the  lighter  materials  of  the 
drift  mantle  though  not  generally  horizontal  in  position  are  never 
pitched  at  very  high  angles.  Where  these  layers  of  sand  and  gravel 
have  considerable  extent  and  thickness  the  more  copious  and  better 
qualities  of  water  are  found.  In  general  the  following  arrange- 
ment seems  tob.-  met  with  under  average  ci  n:liti!)ns  :  First  ten  to  forty 
feet  yellow  stony  clay  with  interspersed  strata  of  sandy  or  gravelly 
composition,  then  blue  clay  also  containing  sand  and  gravel  pre- 
vails until  the  bed  rock  or  slate  is  reached.  While  this  arrange- 
ment holds  fairly  good  throughout  the  greater  part  of  the  quad- 
rangle a  few  notable  exceptions  should  be  mentioned.  These  are 
the  valleys  and  coulees  of  the  Maple  and  Sheyenne  rivers,  the  bluffs 
of  the  Shevenne  from  Vallev  Citv  to  Oakville     and     the     "Sand 

^  mm 

Prairie"  region  of  Bear  Creek  and  Oakville  townships.  In  the  Maple 
and  its  branches  coarse  sand  and  gravel  with  very  little  clay  is  found 
generally  through  the  ui)per  ten  to  thirty  feet.  Sand  Prairie 
wells  almost  never  ])enetrate  clay  but  show  stratified  layers  of 
coarse  and  fine  sand.  The  water  sup])ly  of  the  Sheyenne  valley 
alxive  noted  belongs  to  the  second  water  bearing  or  shale  horizon, 
there  being  no  mantle  of  drift  material  in  that  area.  The  quality  of 
the  water  derived  from  this  u])per  or  -Irift  horizon  is  variable,  that 
from  shallow  wells,  is  frecjuently  more  or  less  alkaline,  bein^  ob- 
tained from  surface  wash  or  catchment  basins  of  slight  (le])th  where 
alkaline  salts  have  been  lodged  by  U])ward  see])age  and  subse- 
quent evaporatic^n  of  soil  water.  Water  derived  from  the  deeper 
wells  in  the  blue  clay,  and  especially  iliose  that  reach  the  bottom  of 
the  drift  near  the  underlying  shale  formation,  are  also  liable  t  ) 
contann'nation  from  alkaline  nn'nerals.  In  general  the  best  water 
especially  fur  household  use  is  that  found  at  intermediate  depths 
in  the  yellow  clay  or  extensive  sand  and  gravel  layers.  Regarding 
the  distribution  of  the  wells  of  the  drift  mantle  over  the  eastern 
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three-fourths  of  the  quadrangle  a.  fairly  constant  relation  holds  be- 
tween the  depth  of  the  wells  and  the  topography. 

Two  ranges  of  townships,  55  and  50  west,  those  through  which 
the  Maple  river  flows,  and  the  range  adjoining  on  the  west,  may 
be  considered  as  a  zone  of  shallow  wells.     The  average  depth  to  an 
abundant  water  supply  here  lies  between  30  to  CO   feet.     On  the 
Alta  ridge,  range  57  west,  the  average  depth  of  wells  is  about  three 
times  as  great.    A  narrow  strip  along  the  eastern  side,  as  far  south 
as   Eldred   township,   contains   wells   at   considerable  depths   when 
compared  with  the  Maple  region  immediately  west.       Continuing 
southward  into  Highland  and  Sheldon  townships,  good  water  but 
not  an  abundant  supply  for  stock  purposes,  is  found  at  slight  depth 
of  20  to  40  feet..  Another  region  of  shallow  wells,  good  and  abundant 
water,  is  Sand  Prairie  in  Bear  Creek  township.     As  before  men- 
tioned stratified  sand  and  gravel  constitute  the  structure  to  a  depth 
of  40  to  GO  feet.     Being  nearly  surrounded  by  higher  land,  a  large 
catchment  area  insures  abundant  supply,  while  the  sand  and  gravel 
aflfords  an  extensive  reservoir  uncontaminated  by  any  impurities. 
Not  a  few  wells  seven  feet  in  depth  supply  good  and  abundant  water. 

In  the  clay  region  adjoining  between  Sand  Prairie  and  Fort  Ran- 
som, water  is  reached  with  greater  difficulty,  and  the  supply  and 
quality  is  somewhat  uncertain. 

From  section  3,  Oakville  township,  northward  to  Valley  City  in 
the  vicinity  of  the  .Sheyenne,  the  quality  of  the  water  in  general  is 
distinctly  and  decidedly  bad.  Water  here,  either  from  shallow  or 
deep  \yells,  all  in  the  shale  rock,  is  charged  more  or  less  w^ith  salty 
and  alkaline  substances.  For  cattle  and  horses  this  water  is  available, 
but  the  human  bein*^'-  not  inured  to  such  potions  would  best  remain 
thirsty. 

In  the  uei^i^likM-liood  of  X'alley  City,  northward  four  miles  and 
eastward  to  the  slope  of  Alta  rid^^e,  good  water  and  an  abimdant 
su])j;ly  is  found  from  2')  to  .")()  feet  in  tlepth.  The  surface  is  a  sandv 
loam  underlaid  by  '?.^  feet  of  yellow  clay,  then  follows  blue  clav  with 

•  •  •    ■  ^ 

interl)e«l(Ie(l  sand. 

Ivei^^'irdiiij^  the  water  su])ply  from  what  here  has  been  called  the 
s(K'<>n(l  or  shale  horizon,  little  need  be  said.  ,  I'sually  water  found 
inider  such  conditions  is  scanty  and  not  suitable  for  general  use.  It 
is  snrchari^cd  with  alkali  and  salt  derived  from  the  shale.  A  fair 
type  of  well  in  this  luTizon  is  one  in  Xorman  township,  138  N.,  R. 
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57  W.,  where  the  drill  entered  shale  at  a  depth  of  150  feet  and  the 
well  was  continued  to  a  depth  of  250  feet.  Here  a  very  slight 
amount  of  water  was  found  and  of  bitter  and  alkaline  taste. 

Artesian  Sa^-Jn.  —  Throughout  the  eastern  half  of  the  quadrangle 
artesian  water  has  been  reached  at  a  depth  of  from  400  to  600  feet. 
So  far  as  present  indications  go  it  is  safe  to  say  that  the  artesian 
\\'ater  yielding  stratum  lies  at  aboqt  the  above  depths  under  the  en- 
tire area.  Artesian  wells  are  needed  especially  in  the  northern  part 
of  the  quadrangle,  and  could  doubtless  be  obtained  if  borings  were 
made  to  the  proper  depth. 

The  quality  of  the  artesian  water  so  far  obtained  is  fairly  constant. 
The  temperature  is  considerably  higher  than  tliat  of  the  shallow 
wells.  It  always  contains  the  mineral  comj)ounis  of  salt,  magnesia, 
alkalies,  iron  and  sulphur,  and  these  generally  in  sufficient  quantity 
to  impart  a  distinct  taste  to  the  water. 
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Ft.  Ran.som 
Ft.  Ransom 


Tower 


HiKhland 

Howes 

(^riska  — 
Clinton... 

Ayr 

A>r 


Tower 
Tower 
Tower 
1  owcr 


Highland.. . 
Ilitchlanil... 
Ft.  Ransom 

Ft.  Ran.som 

Ft.  Ransom 

Springer 


7      135,57  ■  Springer 


H 
5  ; 

•2x 

X 
IH 


1«J  »        »  «« 

135. 57 
138.  .57 

i:i6.5r 


I  Springer. 
Springer. 


j  Preston. 
Preston. 


136.57      Preston. 


I.'i5.58 
i;r).  .58 

13«'..5.H 
i:<«).58 


Ft.  Ransom. 
Ft.  Ransom. 


13  I 

14  '  VMir^s 

14 


26 
3 
1 


12 ; 

12  I 


i:w,  5s 

IST.-'is 

i:w..">H 

135.58 


I    FJear  Creek 
Hear  Creek 

Hear  Creek. 

'   Hear  Creek. 


Oakville 

r.iar  Creek . 
l'"t.   Ransom. 


I 


135.5*;      Ft.  Ransom. 
135, 5ii  ,   I'l.  Ran^'Om. 


Depth 


Ileitrht  i»f 
Water 


12      13:-. 5>      Ft.  RanMim. 


IM  I   135,57      SprinKcr. 


6  1.31). 54  ■  Howes. 
5  1H.\54  .  Kid  re.  1. 
4  '  138.54  i  Kldrc.l. 


15 
20 
14 

70 

515 
H5 
37 
40 
28 

117 


32 
SO 

4K 
6U6 


500 
3«» 
44 

150 

170 

96 

100 

100 


175 
180 

14 


5U 
Flows 


20 
IX 
95 


10 


Flows 
Flows 
Flows 


Fl«>ws 
20 
25 


SO 


56 
105 

40 

10 
41 

6 
25 

40 

20 

25 

16 

50 
84 

80 

80 
24 
20 

22 

70 

23 

40 

16 

22 

10 

200 

70 

80 
Flows 
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TOWER   QUADRANGLE-Continucd 


Yield 


Character  of  Ruck 


Character  of       j 
Water  I 


Reniarks 


Plenty 
Plenty 
Plenty 

Plenty 


Abundant 

Light 

Plenty..  .. 
Plenty.... 
Plenty  ... 


Abundant 

Abundant 
Abundant 


Plenty 
Plenty 


Slight 


Plenty 

For  house 

Plenty 


Plenty 


Plenty 
Plenty 

Plenty, 

Plenty 


Plenty 

Plenty 

Not  abundant. 


Plenty 
Plenty 


Plenty 
Plenty 


Clay  and  .sand  mixed 

All  hard  clay 

Sand  and  gravel;  blue  clay 

at  bottom 

Clay  08  ft.:  quicksand  2  ft. 

No  r-ecord 

Till..  65  ft.:  samMOft 

Sandy  clav 

Clay.  SO  ft.;  sand.  10  ft 

Clay,  drift 

Yellow  clay.  2.')  ft.;  blue 
clay,  2.')  ft.;  l)luc  clay  and 
sand. 67  ft 


Clay.  22  ft.;  blue  clav.  10  ft. 

Drift ■ 

In  bottom  of  M.iple  coulct- 
,  150  ft.  clay:  10  ft.  hard  pan; 
446  ft.  black  clay 


Xo  record 

In  drift 

Yellow   clay,  15  ft.;  29   ft. 

blue  slate 

40     ft.     clay     and     stony 

gravel:  116  ft.  shale 
45  ft.   yellow  clay;  130  ft 

shale. 
'20  ft-,  gravelly  clay;  12  ft.. 

sand;   12  ft.  sandy  clay; 

46  ft.  slate;  6  ft.  sand.... 


Soft.  good, 
(lood 

I  (tood. 

'  Slightly  alkaline: 
gooii 

Alkaline;  salty. 
!  Ci«x)d . 
!  (lood. 

( ifK^d 

Sli^'htly  alkaline. 


( i(K>d 


!  .Alkaline 
( io«id  . 


Dug  4.")  ft;  drilled  25  ft. 


Land  gently  rolling. 


Wells  within  two  miles. 
40  ft.  deep,  give  abund- 
ant and  good  water. 


(  lOod 

A  two-inch  stream  rises 
10  ft.  al)ovf  ground. 

Ciood 

Chararter  of  r<»ck.  record 
not  r«.liable.  Senator 
Talcott's  well. 

.Alkaline; 

bitter.. 

IJoylt:   well. 

(iood. 

Saltv 

I'sable. 

liad;  alkaline.. . 


Clay;  no  shale(? )  

Clay.  luO  ft;  80  ft.  red  clay 

and  gravel 

Clay,  12  ft.;  coarse  gravel. 

2ft 


125  barrels. 


Drift.  56  ft 

Clay  (stony).  100  ft. 


All  gravel 

1  ft.  .soil;  5  ft.  clay:  35  ft. 

sand 

All  clay 


(Iood 
Good. 


I  Not  usable. 

This  well  passes  into 
shale.  At  what  point 
eould  not  learn. 

Same  as  above. 

This  section  house  aband- 
oned: no  good  water. 

IJored  2-inch  hole. 


Good    springs     in    valley 
j      here.     Sheyenne  river. 

Good ]  Shale  at  bottom. 

'  Shale  said   to    be    within 

100  ft.     Improbable. 
Good On  Sand  Prairie. 


I 


Clay (i<Hn\ 


Clay 

Soil  2  ft.;  sand  and  gravel. 
Allcla>  (tdl> 


2  ft.  soil,  clay;  10  ft.  yel- 
low clay;  10  ft.  blue  clay. 

Clay  soil.  1  ft.;  soft  stony 
clay  (till).  18  ft.;  blue 
clay.  hard,  not  stony 
(shale). 51  ft 

20  ft.  glacial  drift;  20  ft. 
•  blue  shale 

In  sandy,  black  alluvium; 
no  shale 

Probably  drift 


(iood 
Good 


Hard;  good. 


(tood On  Sand  Prairie. 

Good Heavy  soil,  gently  rolling 

land. 
Heavy  clayey  soil;  gently 

roUinir. 
45  ft.  seems  to  be  shale. 
Sand   Prairie;  very  level. 

(iooil Gently   rolling;  overwash 

plain    is     inclicated     by 
sandy  surface  of  topog- 
raphy. 
In    valley    of    .Sheyenne, 
second  terrace. 


'  Good 

I 

Soft;  good. 

Good 

Alkaline. 


On   side  of  coulee,  60  ft. 

above  river  bed. 
In  mouth  of  coulee,  60  ft. 

above  river  bed. 
12  ft.  above  river  surface. 
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WELL  RECORDS  OF  THE 


Reference 


Quarter 


Height  of 
W  ater 


PageS. 


Page  4,  A15 

l*agc  4 

l*aKc  4 

TaKre.  A3I 

Page  6 

Page  S,  AM 
Page  9.  A56 


A61 
Art2 


SE.. 
SE.. 
NE. 

S\V . 
N\V 
N\V 


NE 


Page  10.  AGS 

Page  10 

Page  10.  AGT) 
Page  10.  A66 
Page  10.  A«7 

Pagell.AOO, 

Page  13.  A74 
Page  13.  A79 
Page  13.  AM 
I'agcl4.  AH2. 
l'agel4.AS3. 
J»agc43.  \m 


Page  44 


SE.. 
NE. 
N\V 
N\V 
SK. . 
SE. . 
N\V 

S\V . 

NE. 

N\V 

SE.. 

NE. 

N\V 

SE. 


Page  44. 
Page  44. 
1 'age  44 
l'au'f44. 

V-.iuv  40. 
Pauc  47. 

Pau't  48. 
Page  4>. 
P.iu'e  4.H. 


I»aL'o4P.  .. 
Pagc4l»  ... 
J\ii:e4«J.  ... 
I'auc40.  ... 


SE: 


SE 

NE 

SE 

S\\ 

\V«,of  S\V 

N\\ 

SE 


S\\  . 
S\\ 
:  N\V 


SE. 


S\V 
N\\ 
N\V 


r.iu'cr)0  . 

I'aLT  .')C.  . 

i\iu'c.-.:j  . 

I'.u:.-  .Vi   . 


I'enti  r  »»f 
.\\\   


SI-:.... 
N  i: .  . 


I'a;:(-ri:{. 


;    .S\\    .. 

si:... 


j'uL'c.v^ M-: . 

r.it!.-''4  \E. 


I'.iu'c  rj. . 


SK. 


9 

18 

K 

8 

6 

24 

18 


34 

2 


6 
SO 

6 

8 
17 

X 

9 
83 
15 
34 

34 


26 

22 
26 
23 

•lO 

13 

10 
15 

11 

12 
12 


13H.54 
138.54 
137.54 
137.54 
137.54 
136.55 
136.54 
135. 5H 
135.57 


136.57 
136.57 
136.57 
13.1.56 
136.56 
135.56 
135. 56 
135.56 


Kldred 

Kldred 

IlighlamI 

Ilighland 

Near  Enderlin 

Liberty 

Sheldon 

Ft.  Kansoni 

Springer 


Preston 

Preston 

Preston 

P'uller 

Moore 

Fuller 


Fuller. 

Fuller. 
135.56  I  Fuller. 
135.56  .  Fuller. 
135.56 
136.56 
136.56 
136.56 
136.56 
136.58 


1:^.58 

136.58 
136,58 
186.58 
136.58 
13tt.  58 
i:W.58 
ld6.58 

135.58 
135, 5S 
135.  bs 


Fuller 

Moore 

Moore 

Moore 

Moore 

Bear  Creek 


Bear  Creek. 


Bear 
Bear 
Bear 
Bear 
Bear 
Bear 
Bear 


Creek. 
Creek. 
C'reek. 
Creek. 
Creek. 
Creek. 
Creek. 


Ft.  Ransom 
Ft.   Ransom . 
Ft.  Ransom 


12  i  135. 5M      Et.  Ransom, 
2  ■  135.58  I  Ft.  Ransom 
Ft.  Ran.'^om 
Springer  ... 


'*      13:'.  58 
135.57 


<> 


12      135.58 


Ft.   Ransom 


1  ,  135.58  .   Ft.  Ransom 


2»<      13rt.5.*<      Bear  Crci-k. 


:<0      13*<.58  ■   Btar  Creek. 


IS      l:r)..-)7 
4      130. 5« 


Springer  ..  . 
liear  Creek. 


3  !  i;ir,..-,8      Bear  Creek. 


34 


137, 5S  •  Oakville. 


2<J  I  137.58 


OakvilU- 


68 
40 
60 
58 
142 
40 
66 
94 


12 

6 
68 
10 
50 
25  I 
28  • 
28 


38 
71 


44 

156 

170 

96 

42 
42 

50 
4 


90 
39 
32 

2t> 


20 


IT 


4 

15 
9 


Flo** 
» 


20 


Flows 
3 

4 

3 
6 
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TOWER  QUAD  RAN  GLE-Coniinued 


Yield 

Chancier 

otBock 

Charsetei  of 

Remarks 

Wb„rH.. 

•Salty  1"'" 
(lonil 

f?;;-" 

Cood- 

"Oft.  c1»y 
Clay.Mft,;qokUiand.!(l. 

:ijl;!?i'i;' 

Sdanl 

Drift. 

Drill;  nmcksan-l . 

Drill. 

sup. 

PIrnly.. 

SS: 

Spiinir. 



&:;:;::.;:;:: 

niy.'ndi.i,,; 

R1i>r  clay . 
All  fine  snnil 

W  ft.  cla'i;  / 


IS  fi.   yrlliiw    du):   17    f 


ltad:alk;ilinr... 


:  40  (I.  clay  .in.l  sravil:  1»  I 
j      (1.  •lair-alialt ; 

uravrh  1^  ft.  slale-i-halc  ' 
I  !U  ft.   icravrlty  cliiy:   1!  fi.  . 

sand;  n  [(.  -..iniiy   clay;  . 
I      46il.  slali;  ruck   Khak.i: 

6  ll.,an.l  IWrqiialily i  .\.,i  u,al>li 

20   It.    samly    daj;    K   It,  ■  ' 

lilark  clay;  1  It.  wrav.l  .,      V.-.i  u'-T. . 
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WELL  RECORDS  OF  THE 


Rcfert-ncc 


(Jnarter        i  Sec. 


Twp.  & 
Range 


Township 


rt«r^*k      I  Height  of 
Depth  ^y^j^r 


Page  54. 


A><9,  page  14 . 
AS»I.  page  U. 
Afl3,  paKc  14. 
A95,  pa  PC  I.*). 
A97,  page  15. 

A99,  page  15. 
152.  pape  16.. 
m.  pace  16.. 
135,  page  16. . 

ins.  pape  17. 
1U5.  pape  IS, 
Hi;i.  papol9. 
jrJ4.  papcl9. 
P.26.  papeSiO. 
H2M,  pape  21 . 
Ji31.  pape  22. 
Ji.Ti.  pape  22. 
]\M.  pape  23. 
P:i9.  pape  24. 
JUO 

PioH,  page  27. 
1159.  pa«c27. 

H66 

1U)7.  page  29. 

i{68.- 

]\<i.  page  33. 

1J9I 

1J93.  page  34. 

P.9I 

]\*Xi 

1>1*9,  page  35. 
(."<),  pape  35. . 
C7 


C43.  pape  41 . 
K73.  uape  84. 
I'!97,  pape  *<7. 


SE. 


SW 

s\v, 

NW 

SE 

SE 

NE 


SE  .... 
NW  ... 
NW  ... 
Center. 
NE.... 
\  E  . . . . 
\W  ... 
SW  . . . . 
NW  ... 
Center. 
SE 


NE 

SW 

SW 

NE 

NW 

SE. 

SE. 


I 


SE 

NE 

NW 

SW 

NW 

SE  ....... 

Lucca  City 


NW 

SE.. 


34 

28 

S3 

SO 
12 

2U 

32 


2 

12 

4 

4 

1 

12 

lU 

13 

9 

6 

1 

20 
16 

90 

26 
25 
20 
8 
28 
28 
26 
32 
24 
14 


11 
35 


137.58 
137,58 


136,56 
136,55 
136,55 
136,56 
136, 55 

135,55 
136,54 
136,54 
136,54 

136. 54 

135. 55 
136.55 


C)akville. 
Oakville. 


Moore. 
Liberty 
Liberty 
Moore.  , 
Liberty 


Casey  . . 
Sheldon 
Sheldon 
Sheldon 

Sheldon 
Casey.. . 
Liberty, 
136,55  ;  Liberty 
136, 5»  I  Liberty . 


136. 55 

136. 56 
136, 56 


Moore 

Moore. 

Moore. 


136, .W  !  Moore. 
136,56      Moore. 


136,57 

136,56 
136,  56 
136. 56 
136. 56 
136.56 
136.55 
136. 55 
137. 5[i 
13 1. 55 
1:^7.55 
137.55 
137. 55 

137. 55 

137 .56 

137,57 
138.57 
139,  ri6 


Preston 


Moore 

Moor« 

M  oore 

Moore 

Moore 

Liberty 

Liberty 

Pontiac 

Pontiac 

Pontiac 

Pontiac 

Pontiac 

Raritan 

Raritan 

Thordenskjold. 

Norman 

Springvale 


20 
50 


72 
50 
60 
50 
80 

42 
17 

IX 

30 

30 
2? 
65 
5t 
12 
46 
40 
40 
60 
45 
30 

75 
50 
70 
76 
Si 
A5 
56 
41 
52 
80 
45 
90 
38 
20  to  26 
30  to  50 

125 

f 

35 


25 


•M 


4 
4 

'so 

27 
15 


18 


20 
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TOWER   QL'ADRAXGLE-Continued 


YicM 


ChcTractcr  of  Rock 


Character  of       ' 
Water 


Remarks 


l'lcnt> 
Plenty 


ricntv 
rUntv 
rUntv 
I'Unty 

ricnrv 
rir-nty 

ru-nt> 


I'UntN 

>rant 

Tirtit\ 

ri.>iiT> 

l'knr\ 


All  coarse  cravel  and  sand 

Soil.  2  ft.:  clay  and  hould- 
trs,  30  ft.:  coarse  <.an<I. 
ir>fi 


Cfood 


Good 


Gravel  hottoni. 
Hard. 

I    (iotMl. 

(Juii'k^and    and    uravel    at 
bottom. 


(  la>  to  sand  at  botiom '  Cii.xid 

(  i(jod 


Much     (luiLko-aiKl;     >nndy 

clay 

<  ir.'iv«  1  at  l>f)tti)!ti . 

niiK  cl.iy.">and  and  trravtl 

Pirown  cla\ 


Scant .  . 
riintv  . 
Pl.ntv. 


Scant 
Scant. 


Plenty . 

Scant. 

IMenty 

Not  ahiindant 


Siiid  and  cravrl 

( lra\  «1  at  liDitDm  . 

<  ira\  v\  an<l  Mue  cla>  . 

Hard  hlne  clay  at  lu»ttoin. 

San<l  and  irrax  «.l  at  bottom 
1")   ft.    ycllou    clay;    1"»    ft. 

bluf  clay 
Uhie  clay  and  <|uick^and. 

Gravel  at  bottom. 

Hard,  bhie  clay 


I'Icnty 
Plenty 
Plenty 
Plentv 
Pb-nty 

Plentv 
Plenty 


Ouick.«>and  and  (Travel (.iO(j<I  . 

Pdiie  clay  at  bottom.  ' 

Sand  and  (travel 

(May  and  sand 

Clay  an<l  ^and. 

Gravel  vein  sii[)plie>  water  , 

(Juicksand    and    gravel  | 

Veins (iood. 


:   Near   Soe  nby;    overwas 
I       plain. 


In  roiiUe 


J  lard  to  Ket  water. 

Very  difficult  to  cet  wa- 
ter. 


Due  2r»  ft.:  drilled  l(i  ft. 
In  Mai)le  valley. 

DuK. 


P.ored  2-inch  hole. 


Alkaline 
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THE  WATER  SUPPLY  OF  THE  ECKELSON 

QUADRANGLE. 

By  William  H.  Westergaard. 

The  Eckelson  quadrangle  includes  the  region  lying  between   98 
degrees  and  98  degrees  30  minutes  west  longitude  and  47  degrees 
and  47  degrees  30  minutes  north  latitude.     Its  length  is  approxi- 
niatelv  thirty-four  and  one-half  miles  in  the  north  and  south  direc- 
tion,  and  its  width  twenty-four    miles     from     east    to    west.     Its 
northern  boundary  is  approximately  one  and  one-half  miles  north 
of  the  northern  boundary  of  the  tier  of  townships  numbered  14().  or 
about  five  miles  north  of  the  main  line  of  the  Northern  Pacific  rail- 
road.    The  eastern  boundary  passes  directly  through  Valley  City, 
includes  portions  of  the  Sheyenne  valley  and  passes  Kathryn  and 
Fort  Ransom  about  three  miles  to  the  west.     The  southern  bound- 
arv  lies  nine  miles  south  of  the  Barnes  and  Ransom  count v  lines, 
which  is  approximately  nine  and  one-half  miles  south  of  LaMoure, 
and  two  and  one-half  miles  south  of  Dickev.     Tlie  western  bound- 
ary  crosses  the  main  line  of  the  Northern  Pacific  railroad  one-half 
mile  west  of  Spiritwood,  and  passes  Dickey  one  and  one-half  miles 
to  the  west. 

The   area  included   in   the   Eckelson  quadrangle  comprises   por 

tions     of     four     counties,     viz.,     Barnes,  Stutsman,  LaMoure  anc::::^ 
Ransom.     The  soiitliwestern  portion  of  Barnes   county  constitute  s 
at  least  two-thirds  of  the  nortliwestern  portion  of  the  quadrangl  ^is. 
Stutsman  cninty  is  represented  by  a   strip  twenty-four  miles  loi^^^  g 
ami  ihroo  miles  wide  aloncr  its  eastern  border,  LaMoure  countv    '%zi3V 
a   ]>'Tti<ni    from    its   northeastern    corner   twenty-two  and   one-Ixsn^^If 
miles  liMii::-  ami   nine  miles  wide,  and  Ransom  county  by  a  srxi  sail 
strip  from  its  northern  and  western  corner  nine  miles  long  and   c:>xie 
and  <«no-liali  miles  wide. 

IWitC'-  Rcs.^nrccs. — The  available  water  supply    of    any    reg-ion 
may  W  classed   as  surface   water   supply  and   subterranean  water 
siipj^ly.     Tnler  the  head  oi  surface  water  supply  we  may  consicJer 
streams,   lakes,   sloui^hs,   ponds    and   sprini::s.     Under  the  head    of 


WATER  SUPPLY  OF  THE  ECKELSON:  QUADRANGLE  169 

subterranean  water  supply  we  may  consider  the  water  which  is  ob- 
tainable in  wells  by  digging,  boring  or  drilling. 

Subterranean  Water. — In  general  the  wells  of  the  Eckelson  quad- 
ranglc  obtain  their  water  supply  from  three  different  horizons  or 
water  levels.  With  regard  to  these  horizons  we  may  group  the 
wells  into  three  quite  distinct  classes.  The  first  consists  of  the 
wells  in  which  a  water  supply  is  obtained  without  penetrating  the 
bed  rock  or  shale.  These  are  the  shallow  wells  dug  in  the  drift 
material  over  or  above  the  shale.  The  second  class  consists  of  those 
wells  which  penetrate  the  bed  rock  or  shale.  These  are  the  deeper 
wells,  which  are  usually  bored  to  sonic  water  vein  of  sandy  material 
in  the  shale.  The  third  class  consists  of  those  wells  known  as 
artesian  wells  in  which  water  is  found  under  sliale.  These  wells  are 
drilled  through  the  shale  formations  to  a  water  bearing  "sand  rock*' 
or  sand  stone. 

Wells  Which  Do  Not  Penetrate  the  Shale. — The  chief  source  of 
a  permanent  water  supply  aside  from  the  deep  tubular  and  artesian 
wells  consists  of  wells  dug  to  w-ater  w^hich  soaks  through  the  surface 
material  to  reservoirs  of  porous  substances  like  sand  or  gravel. 
These  are  the  ordinary  dug  wells  which  penetrate  the  drift  to 
depths  varying  from  ten  to  1?5  feet,  the  average  depth  being  from 
twenty  to  forty  feet. 

The  material  in  which  these  wells  are  dug  consists  of  the 
''mantle"  or  top  layer  of  material  called  "drift"  which  covers  the 
bed  rock  or  shale  of  this  area  to  depths  of  from  ten  to  12^  feet. 
This  "drift''  is  a  heterogeneous  mixture  consisting  of  what  is  com- 
monly called  clay  mixed  with  sand,  gravel,  and  bowlders.  The 
sand  and  gravel  may  be  quite  evenly  or  uniformly  mixed  with  the 
clav  or  it  mav  be  found  in  layers  or  veins  varvinc:  from  a  few  inches 
to  several  feet  in  thickness.  It  may  even  be  found  in  pockets  and 
often  in  streaks  runniufr  thr<:uiT:h  the  clav.  Usuallv  the  sand  and 
gravel  layers  show  a  stratification  of  the  finer  material,  the  stratifi- 
cation tending  to  be  horizontal  thuu.qh  not  necessarily  so.  These 
variations  are  due  to  the  nicrainic  ori.i^in  of  tliis  drift  material,  it 
having  been  brought  and  left  l)y  the  glaciers  at  the  time  known  as 
the  "Ice  Age." 

In  spite  of  the  fact  that  these  wells  show  such  a  wide  variation  in 
depth,  material  passed  through,  and  in  the  supply  and  value  of  the 
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water  obtained,  a  few  general  statements  may  be  made.  .  Clay  con- 
stitutes at  least  three-fourths  and  perhaps  four-fifths  of  the  material. 
Wells  dug  where  the  surface  features  are  markedly  morainic  are 
usually  dug  through  more  gravel  and  sand  near  the  surface.  The 
day  is  also  more  stony,  i.  e,,  more  mixed  with  sand,  gravel  and 
bowlders,  and  in  general  the  chances  are  better  for  striking  some 
w^atcr  reservoir  at  a  shallow  depth.  Wells  dug  in  river  benches  are 
usually  dug  almost  entirely  in  gravel  and  sand.  The  average  well 
on  the  Eckelson  quadrangle  is  dug  from  ten  to  forty  feet  in  a 
whitisI]-yellow  oxidized  clay  in  which  are  interspersed  a  number  of 
layers  of  sand  and  gravel  commonly  called  water-veins.  Beneath 
the  yellow  clay  is  found  a  harder,  dark  colored  unoxidized  clay 
called  blue  clay  in  which  are  also  found  a  number  of  gravel  and 
sand  reservoirs  called  "water  veins."  This  blue  clay,  sometimes 
very  much  mixed  with  sand  and  gravel,  constitutes  the  material  lying 
between  the  yellow  clay  and  the  **bed  rock"  or  shale.  From  a 
study  of  numerous  well  records  it  would  seem  as  though  the  sand 
and  gravel  water-veins  were  more  numerous  in  the  yellow  clay  than 
in  the  blue  clay.  Usually  a  water  bearing  stratum  is  struck  between 
yellow  and  blue  clay,  the  blue  clay  forming  a*  harder  and  more  im- 
pervious layer  than  the  yellow.  If  a  good  supply  of  water  is  not 
secured  after  penetrating  the  yellow  clay  a  better  supply  can  usually 
be  obt.tined  by  going  deeper  into  the  blue  clay.  The  water-vein 
in  this  case  is  usually  quicksand,  though  it  may  be  sand  or  gravel. 
A  stratum  of  quicksand  usually  has  a  hard  layer  over  it  called 
**hard  pan,"  consisting  of  a  mixture  of  clay,  sand  and  course  gravel. 
The  water  often  rises  with  considerable  force  when  this  "hard  pan" 
layer  is  pierced,  especially  where  the  water  bearing  stratum  is  of 
considerable  extent  and  thickness. 

The  best  kind  of  a  well  for  general  purposes  is  one  dug  in  yel- 
low clay  to  a  water-vein  of  sand  or  gravel.  The  water  in  this  kind 
of  a  well  is  seldom  under  very  high  pressure,  and  does  not  rise  to 
any  considerable  extent  above  the  water-vein.  Under  these  condi- 
tions no  large  quantity  of  water  will  be  allowed  to  stand  in  the  well 
and  become  contaminated  or  dissolve  large  quantities  of  the  soluble 
salts  from  the  material  constituting  the  wall  of  the  well.  Water  in 
very  deep  wells  is  usually  bad,  because  a  water-vein  under  high 
pressure  is  struck,  and  a  large  amount  of  water  is  allowed  to  stand 
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in  the  wells  and  dissolve  the  alkalies  and  other  soluble  salts  consti- 
tuting such  a  large  amount  of  the  soluble  material  of  the  clay  walls. 

In  the  southwestern  part  of  the  Eckelson  (luadrang^le  is  a  region 
called  **Sand  Prairie"  which  constitutes  the  greater  part  of  Bear 
Creek,  southern  Oakville,  and  northwestern  Litchville  townships, 
extending  from  there  into  the  Tower  sheet  on  the  cast.  This 
region  is  very  level  land,  and  appears  to  have  been  a  lake  bed  in 
glacial  time.  The  wells  here  are  very  shallow,  being  dug  in  strati- 
fied sand  to  a  depth  of  from  seven  to  twenty  feet.  The  water  is 
very  good,  but  very  slightly  hard.  The  average  depth  of  the  sand 
is  probably  about  thirty  or  forty  feet. 

A  small,  sluggisli  intermittent  stream  called  Bear  creek  winds  its 
way  from  the  Sand  Prairie  region  southward  to  the  James  river. 
Good  water  in  sufficient  quantity  is  very  hard  to  obtain  in  the  region 
immediatelv  west  of  Bear  creek  in  eastern  Litchville  and  southwest- 
ern  Bear  Creek  townships.  The  reason  for  this  scanty  water  supply 
is  that  the  shale  is  found  a  few  feet  beneath  the  surface,  and  in  this 
shale  very  few  water  bearing  strata  are  found,  and  where  found; 
usually  yield  water  unsuited  to  general  uses. 

In  the  vicinitv  of  the  citv  of  Litchville,  in  southwestern  Lincoln 
and  northwestern  Prairie  townships,  good  water  is  hard  to  obtain. 
Wells  are  frequently  dug  to  depths  of  sixty  to  12o  feet,  but  the  sup- 
ply of  water  is  scanty  and  usually  of  poor  quality,  being  very  hard 
and  alkaline.  No  strong  water  bearing  stratum  is  ordinarily  found 
here  in  penetrating  the  drift  to  the  shale  or  *'slatestone''  bed  rock. 

In  the  region  near  to  the  James  valley  on  either  side,  in  Roscoe, 
southern  Saratoga  and  southwestern  Sheridan  townships,  good  water 
of  sufficient  quantity  is  usually  obtained  by  digging  the  well  in  some 
coulee  or  ravine  having  drainage  into  tlie  James  river.  L'sually  a 
stratum  of  gravel  or  sand  may  be  struck  at  (piite  shallow  depths 
near  the  bottom  of  these  coulees  or  '*water-ways."  In  the  higher 
land  many  wells  have  been  dug  to  shale,  but  quite  often  very  little 
water  and  of  an  inferior  quality  is  obtained. 

The  conditions  immediatelv  west  of  the  Shevenne  vallev  are  some- 
what  similar  to  those  adjoining  the  James  valley.  Water  is  hard  to 
obtain  on  the  high  areas.  Shale  is  struck  before  any  water  bear- 
ing stratum  of  much  consequence  is  reached. 
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Another  region  where  good  water  is  obtained  with  difficulty  is 
found  in  the  eastern  portion  of  township  40,  range  61,  in  the 
vicinity  of  Eckelson,  and  west  of  Eckelson  lake.  A  plentiful  sup- 
ply of  water  can  usually  be  obtained  in  deep  wells,  but  it  is  usually 
very  hard  and  alkaline. 

In  southern  Prairie  and  southwestern  Litchville  there  are  consider- 
able areas  where  water  is  obtained  almost  invariably  in  sufficient 
quantity  in  quicksand.  Throughout  the  quadrangle  there  are  numer- 
ous other  localities  of  similar  extent  where  water  is  obtained  in 
quicksand,  southern  Spring  Creek  and  northern  Scandia  being  ex- 
amples. 

The  region  immediately  surounding  Sanborn,  in  central  Potter 
and  Marion,  in  northern  Sheridan  towships,  are  examples  of  lo- 
calities where  good  water  is  ordinarily  obtained  at  depths  of  thirty  to 
thirty-five  feet. 

In  the  markedly  morainic  regions  the  wells  vary  most  widely  in 
character,  but  here  wells  of  good  water  in  abundant  supply  are  nearly 
always  obtainable  if  good  judgment  is  exercised  in  selecting  a  lo- 
calitv. 

There  are  a  few  wells  in  this  quadrangle,  usually  bored  wells, 
which  have  been  sunk  deep  enough  to  penetrate  the  shale.  In  some 
of  these  strong:  water  bearing  strata  have  been  struck,  but  usually 
the  chances  are  that  no  satisfactory  water  supply  can  be  obtained 
in  this  way,  unless  the  wells  are  bored  to  a  sufficient  depth  to  pene- 
trate tlie  artesian  or  Dakota  sandstone.  Water  obtained  in  shale 
usually  has  a  salty,  disai^rccable  taste,  being  heavily  laden  with  solu- 
ble salts. 

A  numl)er  of  artesian  wells  have  been  drilled  in  the  territorv  be- 
twccn  Litchville  and  Ft.  Ransom,  at  depths  varying  from  9oO  to  1,150 
feet.  Some  of  these  exert  a  pressure  as  high  as  seventy  pounds 
])er  s(jiiare  inch  at  the  surface  of  the  ground,  and  furnish  an  abun- 
dance of  water  valuable  for  general  purposes.  It  is  safe  to  say  that 
these  artesian  wells  may  be  secured  on  any  portion  of  the  Eckelson 
(jiia(lran.q:le.  although  the  pressure  may  be  rather  w-eak  in  the 
hi^q-hcr  areas  near  the  northern  part  of  the  quadrangle. 

Sprin^"^  furnish  a  constant  supply  of  good  water  from  outcrops 
alon^c:  the  banks,  and  in  ravines  and  coulees  along  the  Sheyenne  and 
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James  valleys.  These  springs  usually  occur  at  some  point  where  the 
valley  has  been  cut  into  shale,  the  shale  forming  an  impervious  layer 
on  which  the  water  collects  in  sufficiently  large  quantities  to  escape 
as  a  spring.    This  is  especially  obvious  in  the  Sheyennc  valley. 
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LETTER  OF  TRANSMITTAL 


Hon.  £.  Y.  Sarles,  Governor  of  North  Dakota: 

Sir:  I  have  the  honor  to  transmit  herewith  the  Third  Biennial 
Report  of  the  Agricultural  College  Survey  of  North  Dakota,  with 
accompanying  papers,  for  the  years  1905  and'  1906. 

In  addition  to  the  administrative  report,  in  which  are  described 
the  different  lines  of  investigation  that  have  been  pursued,  together 
with  recommendations  for  the  future,  several  papers  are  presented 
which  set  forth  quite  fully  the  character  of  the  work  that  has  been 
done,  and  by  their  nature  explain  their  value. 

In  a  state  in  which  the  agricultural  resources  are  destined  by 
nature  to  be  the  chiefest  economic  resources,  there  would  seem  to 
be  urgent  need  for  the  scientific  study  of  those  facts  and  conditions 
that  form  the  foundation  of  the  prosperity  and  wealth  of  the  com- 
monwealth. 

There  is  therefore  no  need  to  explain  why  the  efforts  of  the 
survey  have  been  directed  along  tiie  lines  of  the  investigation  of 
those  problems  that  are  directly  or  indirectly  related  to  agriculture. 
The  papers  that  accompany  this  report  it  is  thought  deal  with  prob- 
lems  that  are  of  the  mosjt  vital  interest  and  importance  to  the  agri- 
cultural development  of  the  state.  It  is  hoped,  therefore,  that  as 
wide  publicity  as  possible  will  be  given  to  these  papers,  and  that 
the  legislative  assembly  of  1907  may  be  requested  to  bring  this  re- 
port to  the  attention  of  as  large  a  number  of  practical  farmers  in  , 
the  state  as  possible.  fit 

Yours  very  respectfully,  / 

Daniel  E.  Willard, 

Director. 

Agricultural  College,  North  Dakota,  November  15,  1906. 


THE  THIRD  BIENNIAL  REPORT 

OF  THE 

AGRICULTURAL  COLLEGE  SURVEY 

OF  NORTH  DAKOTA 


By  Daniel  E.  Willard^  Director. 

History  and  Purpose. — The  Agricultural  College  Survey  was  or- 
ganized by  act  of  the  legislative  assembly  of  1901.  The  survey  has 
therefore  had  legal  and  actual  existence  for  a  period  of  s?x  years. 
During  this  time  the  development  of  the  state  of  North  Dakota  has 
advanced  at  a  pace  which  would  have  been  deemed  impossible  a  few 
years  ago. 

Ehiring  such  a  time  of  rapid  growth  and  development  along  all^ 
lines  it  would  seem  especially  fitting  that  the  state  should  lend  aid 
toward  the  investigation  of  her  natural  resources,  and  should  seek 
to  avoid  the  possibility  of  future  loss  and  discouragement  to  her 
citizens  by  assisting  so  far  as  practicable  in  the  determination  of  the 
best  methods  of  developing  and  utilizing  the  native  resources. 

The  work  represented  by  ths  survey,  viz.,  the  investigation  of 
the  types,  character  and  qualities  of  the  soil,  the  study  of  the  extent 
and  character  of  the  underground  water  supply,  and  the  investiga- 
tion of  those  geologic  facts  and  conditions  which  are  at  the  founda- 
tion of  agriculture  and  allied  industries,  and  the  publication  and 
distribution  to  the  public  of  the  results  of  these  investigations,  is 
therefore  deemed  to  be  among  the  most  important  things  that  could 
be  done  at  this  time,  looking  toward  the  permanent  upbuilding  and 
prosperous  development  of  this  new  state. 

During  the  biennial  period  the  lines  of  work  which  were  in  pro- 
gress during  the  preceding  period,  and  which  were  described  in  the 
report  of  the  director  for  the  years  190.'^- 1,  have  been  continued. 
The  work  of  the  present  biennial  period  is  represented  by  the  fol- 
lowing lines,  some  idea  of  the  character  of  which  may  be  gathered 
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from  the  accompanying  papers:  (a)  Soil  surveys,  conducted  in 
co-operation  with  the  bureau  of  soils  of  the  department  of  agricul- 
ture; (b).  topographic  surveys,  by  the  U.  S.  geological  survey, 
(c)  investigations  of  underground  (artesian)  waters,  in  co-operation 
with  the  U.  S.  geologpical  survey,  section  of  hydrology;  (d)  areal 
geology,  folios  of  the  Geological  Atlas  of  the  United  States,  in  co- 
operation with  the  U.  S.  geological  survey,  division  of  hydrography ; 
(e)  field  work  in  preparation  of  preliminary  geologic  map  of  North 
Dakota;  (f)  biological  survey  of  North  Dakota. 

While  it  is  not  possible  to  report  as  much  work  done  in  any  of 
these  lines  as  it  would  be  pleasant  to  relate,  still  it  is  with  pleasure 
that  I  am  able  to  report  as  much  accomplished  as  has  been  done. 
During  the  past  two  years  2,178  square  miles  of  soil  surveys  have 
been  made,  and  soil  maps  have  been  prepared  showing  the  character 
of  the  soil  in  detail  for  every  section  of  land  represented. 

A  topographic  map  of  the  Bismarck  quadrangle  has  been  pre- 
pared representing  an  area  approximately  twenty-five  miles  in  extent 
east  and  west  and  thirty-five  miles  north  and  south,  and  embracing 
one-fourth  of  a  square  degree  of  the  earth's  surface. 

An  investigation  of  the  underground  waters  of  the  eastern  por- 
tion of  the  state,  with  especial  reference  to  the  extent  of  the  Dakota 
artesian  basin,  has  been  in  progress  during  the  period  since  my  last 
biennial  report,  and  a  report  upon  this  important  subject  is  now 
in  progress  of  preparation,  and  will  be  published  for  general  dis- 
tribution by  the  U.  S.  Geological  Survey. 

Areal  geology  investigations,  by  which  is  contemplated  the  de- 
tailed geologic  mapping  of  definite  areas,  showing  all  the  surface 
features  from  which  the  various  soil  types  are  developed,  and  the 
geologic  character  upon  which  depend  the  natural  resources  of  a 
region,  have  been  carried  on  upon  two  quadrangles,  embracing  an 
area  of  about  1,G50  square  miles,  the  territory  studied  embracing 
a  tract  extending  about  fifty  miles  westward  from  Valley  City,  in 
Barnes  and  Stutsman  counties,  and  having  a  width  from  north 
to  south  of  about  thirtv-five  miles. 

The  field  studies  looking  toward  the  revision  and  completion  of 
the  preliminary  geologic  map  of  the  state  have  been  carried  on  as 
far  as  the  funds  available  have  made  possible. 

The  biological  survey  of  the  state  has  been  systematically  organ- 
ized. This  survey  contemplates  the  collection  and  classification  of 
the  native  forage  and  other  useful  and  injurious  plants  of  the  state, 
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and  the  study  of  the  soil  and  moisture  conditions  under  which  they 
grow,  with  a  view  to  determining  from  these  studies  of  the  native 
plants  in  their  natural  conditions  what  cultivated  plants  can  be  most 
successfully  and  profitably  grown. 

The  effort  is  being  made  to  fulfill  the  purpose  described  ,in  the 
law  by  virtue  of  which  the  survey  has  existence,  viz.,  to  "complete 
a  topographic,  geologic  and  economic  survey  of  the  state,  and  to 
prepare  a  map  of  the  same,"  etc. 

The  plan  that  has  been  followed  has  been  to  distribute  the  work 
of  the  several  surveys  over  districts  somewhat  removed  from  each 
other,  so  that  in  the  shortest  possible  time  a  study  should  have  been 
made  of  all  the  principal  soil  types  of  the  state,  and  as  much  geologic 
data  as  possible  collected,  having  an  immediate  bearing  upon  the 
economic  development  of  the  state. 

The  Progress  of  the  Survey  of  the  State. — In  a  state  comprising 
as  large  an  area  as  North  Dakota  the  proportionate  amount  as  com- 
pared with  the  whole  area  that  can  be  brought  under  the  detailed 
investigation  contemplated  by  the  Agricultural  College  Survey  in 
any  single  year  is  not  large.  Encouragement  should  be  taken  from 
the  fact  that  progress  has  been  made.  Neither  is  the  value  and  im- 
portance of  the  work  done  to  be  measured  by  the  extent  in  square 
miles  of  the  areas  surveyed.  It  is  hoped  that  with  the  progress  of 
the  state  and  the  increase  in  knowledge  and  appreciation  of  her 
natural  resources  a  larger  amount  of  money  may  be  applied  to  this 
work  on  the  part  of  the  state,  and  thus  the  amount  of  work  that 
can  be  done  each  year  be  greatly  increased. 

Thus  far  progress  in  the  sun'ey  of  the  state  has  been  made  about 
as  follows :  Topographic  surveys,  with  published  maps  showing  tlie 
elevation  of  all  parts  of  the  land  surface,  also  showing  all  public 
highways,  railroads,  towns,  farm  houses,  streams  and  lakes,  in  short, 
all  information  necessary  in  a  base  map  for  the  further  detailed 
study  of  the  areas,  have  been  made  of  about  one-eighth  of  the  entire 
state. 

Soil  survevs  have  l)een  made  acr^rrciratim?"  about  one-twentieth  of 
the  total  area  of  the  state. 

Geological  investigations,  represented  by  the  coni[)leted  work  of 
folios  of  the  Geologic  Atlas  of  the  United  States,  have  been  com- 
pleted upon  about  one-half  of  the  quadrangles  that  have  been  topo- 
graphically surveyed  and  mapped,  or  about  one-sixteenth  of  the 
total  area  of  the  state. 
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The  first  topographic  survey  was  made  in  the  state  in  1894.  If 
no  greater  progress  is  made  in  the  future  than  during  the  twelve 
years  from  1894  to  1896  it  will  require  about  ninety-six  years,  or 
nearly  one  century,  to  complete  the  topographic  survey  of  the  state ! 

During  the  six  years  since  the  organization  of  the  Agricultural 
College  Survey  five  quadrangles  have  been  surveyed,  and  folios  of 
the  Geologic  Atlas  of  the  United  State  completed  or  are  in  prepara- 
tion. At  this  rate  of  progress  to  complete  the  area  represented  by 
the  state  of  North  Dakota  in  the  Geologic  Atlas  of  the  United 
States,  that  is,  to  complete  the  geologic  and  economic  map  of  the 
state  of  North  Dakota  contemplated  by  the  law  organizing  this  sur- 
vey, would  require  also  about  ninety-six  years,  or  nearly  a  century. 

During  the  three  biennial  periods  that  this  survey  has  been  in 
existence  3,834  square  miles  of  land  have  been  critically  studied 
and  mapped  by  soil  surveying  parties.  At  this  rate  a  soil  map 
covering  the  entire  state  would  be  completed  in  about  120  years ! 

These  figures  at  first  thought  seem  discouraging.  In  reality 
discouragement  is  idle.  Those  nations  and  states,  like  individuals, 
have  succeeded  best  and  prospered  most  which  have  kept  diligently 
at  work  seeking  by  the  aid  of  scientific  investigation  to  elucidate 
the  best  methods  of  utilizing  their  natural  resources.  The  matter 
is  not  one  for  discouragement,  but  the  question  is  rather  how  much 
can  be  done  each  year  and  every  year  toward  the  more  perfect 
solution  of  the  agricultural  and  economic  problems  of  our  state. 
When  it  is  borne  in  mind  that  North  Dakota  embraces  an  empire 
as  large  as  all  the  New  England  states  combined,  with  the  state  of 
Delaware  and  half  of  New  Jersey  addedi,  we  may  then  better  under- 
stand the  figures  which  at  first  looked  so  appalling,  and  may  turn 
and  congratulate  ourselves  that  we  are  so  fortunate  as  to  be  the 
possessors  of  so  vast  an  empire,  and  one  possessed  of  so  great 
natural  resources  to  be  investigated. 

Co-operation  in  Soil  Survey  Work. — It  is  desired  to  call  atten- 
tion especially  to  the  progress  that  has  been  made  during  the  past 
two  years  in  the  study  and  mapping  of  the  soils  of  the  state. 

Through  the  very  generous  treatment  accorded  lis  by  Professor 
Milton  Whitney,  cliief  of  the  bureau  of  soils,  department  of  agricul- 
ture, considerable  has  been  accomplished  toward  the  completion  of 
a  soil  map  of  the  state.    A  brief  description  of  the  work  accomplisihed 

during  the  past  two  years  follows : 
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During  the  summer  of  1905  Mr.  A.  E.  Kocher  was  sent  from 
Washington  to  have  charge  of  a  soil  survey  of  an  area  extending 
across  the  southern  portions  of  Griggs  and  Foster  counties,  em- 
bracing twenty  townships,  460,800  acres.  Mr.  Kocher  was  fur- 
nished an  assistant  from  Washington,  Mr.  L.  A.  Hurst.  All  the 
expenses  of  these  two  men  were  borne  by  the  federal  bureau.  In 
order  to  accomplish  the  survey  of  as  large  an  area  as  possible  an 
arrangement  was  entered  into  whereby  two  men,  Mr.  John  T. 
Weaver  and  Mr.  Rex  E.  Willard,  were  sent  from  the  agricultural 
college  to  assist  Messrs.  Kocher  and  Hurst,  all  the  expenses  for 
livery  service  for  the  double  party  being  generously  borne  by  the 
federal  department,  the  only  expense  accruing  to  the  state  being 
that  for  the  salaries  and  maintenance  of  the  two  assistants  sent  from 
the  college.  Messrs.  Kocher  and  Hurst  reached  Cooi>erstown  on 
May  1st,  and  remained  upon  this  field  until  September  15th.  Messrs. 
Weaver  and  Willard  were  on  the  field  from  June  15th  to  August 
15th. 

A  detailed  report  of  this  survey  will  be  found  among  the  ac- 
companying papers  of  this  report. 

During  the  winter  preceding  the  present  season  of  190G  requests 
were  received  for  soil  surveys  in  Williams  and  Ransom  counties. 
Both  these  projects  seemed  worthy  of  consideration  and  would  be 
to  the  advantage  of  the  state.  However,  the  funds  supplied  by  the 
state  for  survey  work  had  been  overdrawn  in  1905,  and  it  seemed 
impossible  to  furnish  the  necessary  assistants  to  enable  the  bureau 
of  soils  at  Washington  to  undertake  the  survey  of  these  two  areas. 
The  problem  of  the  finances  was,  however,  solved  very  happily  by 
the  people  of  these  two  counties  offering  to  contribute  the  funds 
necessary  to  secure  the  survey.  Accordingly  a  plan  was  arranged 
whereby  two  men  should  be  sent  from  Washington,  each  capable 
of  assuming  charge  of  a.  survey,  an  assistant  to  each  of  these  men  to 
be  furnished  bv  the  AczTicultural  Colleire  Survey.  All  liverv  service 
for  both  parties  was  to  be  paid  by  the  bureau  at  Washington. 

Accordingly  on  May  1st,  IDOO,  ^Ir.  Thomas  D.  Rice  reached  Wil- 
liston,  and  yir.  Chas.  W.  F.ly  assumed  charge  at  Lisbon. 

The  desire  was  expressed  bv  Professor  AMiitney,  chief  of  the 
bureau  of  soils,  that  as  thoroughly  trained  men  as  possible  be  sent 
as  assistants.  Accordingly  Messrs.  Weaver  and  Rex  Willard,  who 
had  each  been  with  soil  surveying  parties  at  least  two  seasons  pre- 
viously, w^ere  asked  to  accept  appointments  as  assistants  on  these 
surveys  in  Williams  and  Ransom  counties. 
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A  thoroughly  and  detailed  survey  of  an  area  embracing  sixteen 
and  one-half  townships  was  surveyed  in  Williams  county,  under  the 
direction  of  Mr.  Rice,  and  the  whole  of  Ransom  county  was  sur- 
veyed by  Mr.  Ely's  party.  Detailed  reports  with  full  descriptions 
of  the  soils  and  a  colored  map  of  each  of  the  areas  will  be  published 
by  the  bureau  of  soils,  and  these  reports  and  maps  will  be  repro- 
duced in  the  next  biennial  report  of  the  Agricultural  College  Sur- 
vey. A  preliminary  report  on  these  surveys  appears  among  the 
accompanying  papers  of  this  report,  that  upon  the  Williams  county 
area  having  been  very  kindly  prepared  by  Mr.  Rex  E.  Willard,  and 
that  on  the  Ransom  county  area  by  Mr.  John  T.  Weaver. 

For  these  surveys,  it  should  be  added,  all  the  expenses  for  the 
subsistence  for  the  assistants,  and  nearly  the  whole  of  their  salaries, 
were  contributed  by  the  people  of  Williams  and  Ransom  counties 
respectively. 

Geologic  and  Economic  Map  of  the  State. — ^Accompanying  the 
first  biennial  report  of  this  survey  there  appeared  "A  Preliminary 
Geologic  and  Economic  Map  of  North  Dakota,"  prepared  by  the  late 
Professor  C.  M.  Hall,  who  organized  the  Agricultural  College  Sur- 
vey and  was  its  first  director.  This  map  embodied  the  results  of 
all  the  investigations  that  had  been  made — chiefly  under  federal 
direction  and  at  federal  expense — up  to  the  time  of  its  publication, 
and  included  a  preliminary  classification  of  the  soils,  showed  the 
distribution  of  the  more  important  geologic  features  that  have  a 
bearing  on  the  agricultural  value  of  lands,  the  extent  of  the  Dakota 
artesian  basin,  all  the  known  workable  outcrops  of  lignite  coal,  atii 
the  average  annual  rainfall  for  all  the  stations  in  the  state  where  such 
records  are  systematically  kept. 

This  map  has  been  very  widely  distributed  in  response  to  a  very 
general  and  earnest  demand.  It  is  thought  it  has  been  a  very  valuabL 
means  of  showing  the  resources  of  the  state  to  contemplating  h^^me- 
seekers  and  investors.  The  demand  for  the  map  has  been  so  un- 
precedentedly  large  that  an  edition  of  10,000  copies,  which  was 
first  brought  out,  was  soon  exhausted,  and  a  second  impression  cf 
10,000  copies  was  authorized  by  His  Excellency,  Governor  Frank 
White.  The  last  edition  has  been  nearly  exhausted,  sent  largely 
to  persons  who  requested  copies  individually. 

This  map  was  issued  in  January,  1903.  Since  that  time  consider- 
able progress  has  been  made  toward  a  more  nearly  complete  map 
of  the  state.    Much  valuable  data  has  been  gathered,  and  important 
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investigations  have  been  made  w'hich  should  be  expressed  on  this 
map.  It  is  therefore  planned  to  complete  the  work  of  revising  this 
map  in  the  near  future  so  as  to  make  it  express  as  completely  as 
possible  all  the  investigations  that  have  been  made  looking  toward 
the  development  of  the  state. 

Soil  Map  of  the  State. — With  the  development  of  agricultural  in- 
dustries in  the  state  and  the  increase  in  the  acreage  of  farm  lands, 
and  also  with  the  increase  in  the  values  of  farm  lands  thereby- 
rendering  the  need  for  improved  methods  of  farming  more  im- 
perative, the  demand  has  increased  for  a  systematic  study  of  the 
soils  of  the  state.  It  will  be  seen  from  tlie  progress  map  at  the 
beginning  of  this  volume  that  systematic  soil  surveys  have  been 
made  in  nearly  all  parts  of  the  state.  A  brief  description  of  these 
survevs,  and  some  of  the  reasons  that  led  to  the  selection  of  these 
areas,  follows:  (a)  Tw^o  surveys  have  been  made  in  the  Red  River 
valley,  extending  from  the  Red  River  of  the  North  westward  across 
all  the  formations  deposited  in  the  waters  of  ancient  Lake  Agassiz. 
(b)  A  tract  extending  from  Valley  City  to  the  highland  of  the 
Missouri  plateau  west  of  Jamestown,  this  tract  being  selected  since 
by  it  are  crossed  practically  all  the  principal  soil  types  of  east- 
cencral  North  Dakota,  and  particularly  the  region  represented  by 
the  Sheyenne  and  James  River  valleys,  (c)  An  area  covering  the 
southern  portion  of  Towner  county,  including  within  its  limits  some 
of  the  most  fertile  land  in  North  Dakota,  and  representing  in  the 
various  soil  types  there  observed  the  greater  part  of  the  north- 
eastern portion  of  North  Dakota,  (d)  A  small  area  in  Ward 
county,  the  territory  covered  by  the  survey  being  a  representative 
tract  in  the  noted  Mouse  River  county,  the  area  being  so  located 
that  it  includes  the  soil  types  formed  on  the  bottom  of  the  ancient 
Lake  Souris,  and  also  the  soils  of  the  rolling  prairie  outside  the 
immediate  basin  of  the  ancient  lake,  (c)  A  survey  of  townships 
1-15  and  IIG  extending  Across  Grii^i-c^s  and  Foster  counties.  This 
soil  area  includes  some  very  fertile  farming  land  and  also  some 
types  the  nature  of  which  need  to  be  carefully  studied  in  order 
to  be  profitably  farmed.  The  types  here  observed  include  those 
of  the  areas  of  the  upper  Sheyenne  and  James  rivers,  and  of  the 
plain  extending  westward  to  the  base  of  the  great  ^Missouri  plateau, 
a  portion  of  the  geographic  landmark  known  as  Hawk's  Nest, 
located  principally  in  the  southeastern  corner  of  Wells  county,  be- 
ing included  in  the  area  surveyed,     (f)     A  tract  embracing  sixteen 
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and  one-half  townships  in  southern  Williams  county,  known  as  the 
Williston  area.  The  Williston  area  represents  the  newer  portion 
of  the  state,  and  one  where  the  demand  for  a  study  of  the  soils  is 
great  as  an  aid  to' the  immigrant  settler  who  is  trying  to  establish 
a  home  upon  these  hitherto  uncultivated  prairies.  It  was  felt  that 
here  especially  there  was  need  for  a  soil  survey,  since  these  new- 
lands  are  in  a  region  where  the  methods  of  farming  employed 
in  Iowa  and  Illinois  will  not  likely  be  successful  without  some 
adaptation  to  meet  the  different  conditions.  Under  these  condi- 
tions a  soil  survey  means  much  toward  the  substantial  and  success- 
ful development  of  the  region.  The  types  of  soil  observed  here 
moreover  are  representative  of  a  vast  region  in  the  northwestern 
portion  of  the  state  beyond  the  immediate  area  surveyed,  (g)  The 
Ransom  county  area.  The  soils  of  Ransom  county  represent  an 
interesting  group  of  soil  types,  and  include  some  that  have  not 
been  met  with  elsewhere  in  tlie  state.  The  survey  of  Ransom 
county  makes   it  possible  to  construct  a  fairly  accurate   map  of 

• 

all  the  principal  soil  types  in  the  southeastern  portion  of  the  state. 
From  these  several  surveys  in  somewhat  w^idely  separated  por- 
tions of  the  state  it  is  possible  to  construct  a  general  soil  map  of 
the  whole  state  such  as  will  show  ap>proximately  the  character  of 
the  soil  in  every  section  of  the  state.  The  soil  surveys  have  be?n 
distributed  over  the  state  with  the  idea  in  mind  that  a  soil  map 
of  the  state  should  be  able  to  be  made  without  the  necessity  of 
waiting  for  detailed  surveys  of  every  to\\niship.  Such  a  map 
when  completed  should  be  of  inestimable  value  to  the  farmers  of 
X<^rth  Dakota. 

Soil  studies  of  this  character  have  been  made  in  various  parts 
of  tb.e  I'nitcd  States,  and  much  valuable  assistance  has  been  ren- 
dered thereby  in  the  development  of  the  agricultural  resources  of 
the  various  states.  Industries  that  had  never  been  thought  of 
have  been  suc:gested  by  the  study  of  the  soils  and  the  comparison 
of  these  with  tiiose  of  other  regions,  and  later  these  suggestions 
have  l>een  adopted  and  profited  by  to  the  great  advantage  of  the 
common  wealth. 

It  is  true  that  the  enterprising  farmer  will  by  exf)eriment  find 
new  methods  oi  farming,  and  will  learn  by  experiment  that  other 
croj^s  can  be  suocessfully  and  profitably  grown  than  those  that  have 
been  long  known  to  the  neighborhood.  But  experimenting  is  nearly 
alwavs  exixMisive.  and  it  is  not  every  farmer  who  is  able  to  make 
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the  necessary  investment  of  t*ime  an-d  capital.  Particularly  is  it 
the  case  that  new  settlers  in  a  region,  who  oftentimes  have  come 
from  a  locality  so  far  distant  that  agricultural  conditions  are  very 
different,  are  with  difficulty  able  to  make  the  necessary  experiments 
to  determine  what  m'ethods  of  cultivation  and  what  crops  will  be 
most  successful  and  profitable.  The  burden  of  such  experimenting 
may  be  in  considerable  measure  relieved  by  a  systematic  study  of 
the  soils  in  relation  to  their  adaptabilities  to  methods  of  farming 
and  kinds  of  crops. 

In  view  of  these  considerations,  it  is  with  justifiable  satisfaction 
that  the  announcement  is  made  that  a  soil  map  of  the  state  of 
North  Dakota  in  colors  showing  the  soil  types  in  alj  parts  of  the 
state  is  in  preparation,  and  it  is  hoped  will  be  able  to  be  offered 
to  the  public  in  the  near  future.  Such  a  map  entails  a  large  amount 
of  painstaking  labor,  but  it  is  thought  that  when  completed  it  will 
be  worth  manifold  more  than  what  it  cost. 

Division  of  Chemical  Investigations. — The  division  of  chemical 
analysis  of  soils  and  waters  of  the  Agricultural  College  Survey  has 
made  only  very  modest  advancement  owing  to  the  limited  funds 
available  for  this  work.  Mr.  John  T.  Weaver  has  prepared  a 
valuable  paper  relating  to  the  chemistry  of  the  soils  of  the  Coopers- 
town-Carrington  area,  which  will  be  found  among  the  accompanying 
papers  of  this  report. 

Biological  Survey  of  the  State. — The  biological  survey  of  the 
state,  by  which  is  contemplated  more  immediately  the  collection 
and  determination  of  all  the  native  forage  plants  of  the  state,  and  a 
studv  of  their  associations  with  the  natural  soils,  with  a  view  to 
determining  the  adaptabilities  of  the  various  soils  to  cultivated 
crops,  has  been  this  season  carried  forward  in  a  very  efficient  man- 
ner by  Dr.  W.  P>.  Bell,  of  the  department  of  biology  of  the  Agri- 
cultural College,  who  spent  two  months  on  the  Williston  soil  area 
in  company  with  the  soil  surveying  party.  A  preliminary  report 
on  this  work  appears  among  the  accompanying  papers  of  this  report. 
The  Agricultural  College  bore  half  the  cxj)cnsc  of  the  biological 
work  this  season,  as  otherwise  it  would  have  been  impossible  for 
the  work  to  have  been  carried  on,  owing  to  the  deficiency  in  the 
funds  for  carrying  on  the  work  r)f  the  survey.  \\'ork  of  so  much 
importance  and  value  to  the  state  ought  not  to  l>e  allowed  to  be 
handicapped  for  the  lack  of  funds  to  carry  the  work  along. 

The  Geological  Musetim. — ^The  accumulation  of  geological  ma- 
terial, as-  provided  and  required  by  section  4,  chapter  8,  session  laws 
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of  1901,  viz :  soils,  rock  specimens,  fossils,  sands  and  gravels,  clays 
and  bricks,  plants  illustrative  of  thi  nature  of  soils.^  etc.,  etc.,  has 
continued  till  the  question  of  space  for  adequatelj^  exhibiting  the 
material  has  ceased  to  be  considered,  and  the  bare  place  for  storing 
the  materials  as  they  are  brought  in  from  the  field  has  become  the 
one  thing  thought  of. 

Plans  have  been  under  consideration  for  some  time  lc)oking 
toward  the  making  of  a  soil  museum,  the  plan  of  which  contem- 
plates that  while  it  should  be  a  museum  for  exhibition,  yet  it  should 
also  be  educational  in  its  character,  showing  by  the  plan  of  its 
arrangement  and  construction  the  relation  between  the  soil  of  the 
field  and  the  plants  that  grow  upon  that  soil,  both  those  native 
to  the  soil  and  those  that  can  be  successfully  grown  by  cultivation. 
A  large  amount  of  material  has  been  collected,  but  as  suggested,  no 
adequate  opportunity  is  now  afforded  for  its  display. 

It  may  be  added  that  a  small  beginning  has  been  made  toward 
displaying^  the  soils  of  the  state  in  glass  jars.  Several  hundred 
scientifically  classified  soils  from  every  area  in  the  state  where  a 
soil  survey  has  been  made  are  now  packed  in  drawers  in  the  labora- 
tory, stowed  in  boxes,  and  piled  on  the  floors.  These  samples  have 
been  collected  at  considerable  expense,  but  are  now  serving  no  use- 
ful purpose  for  lack  of  opportunity  to  display  them. 

Needs  of  the  Survey. — The  funds  that  are  annually  appropriated 
by  the  state  for  the  conduct  of  the  investigations  that  are  being 
undertaken  by  the  survey,  and  which  are  described  in  this  report, 
form  but  a  meagre  part  of  the  cost  of  the  work.  It  is  only  through 
the  generous  co-operation  of  the  federal  departments  at  Washington 
that  it  has  been  possible  to  carry  on  the  work. 

All  the  expenses  connected  with  the  investigations  relating  to 
the  underground  water  supply;  those  relating  to  the  execution  of 
the  folios  of  the  United  States  Geologic  Atlas,  including  the  costs 
of  publication ;  and  the  entire  cost  of  making  topographic  sur- 
veys and  the  publication  of  the  topographic  sheets,  have  been  borne 
entirely  by  the  federal  government,  yet  the  state  and  the  Agricul- 
tural College  receives  the  benefit  and  credit  of  the  work. 

Likewise  in  the  conduct  of  the  soil  surveys  which  have  been 
made  in  our  state  in  co-operation  with  the  Bureau  of  Soils,  more 
than  three  dollars  out  of  every  four  expended  for  carrying  on  tiie 
work  in  the  field  have  been  paid  by  the  federal  government,  and 
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in  addition  all  the  cost  of  publication  has  been  borne  by  the  federal 
department,  while  the  state  has  shared  freely  in  the  credit  for 
the  work. 

One  of  the  primary  necessities  to  future  work  along  the  lines 
represented  by  the  Agricultural  College  Survey  is  the  completion 
of  topographic  surveys,  and  the  preparation  of  the  accompanying 
topographic  sheets  or  maps.  As  has  been  before  stated,  these  sheets 
form  the  base  maps  on  which  all  further  geologic  work  of  what- 
ever character — mapping  of  soils,  underground  water  investigations, 
the  Geologic  Atlas — is  done. 

The  importance  of  this  kind  of  work  has  been  fully  appreciated 
by  the  federal  government  and  by  many  of  the  state  governments. 
The  topographic  division  is  therefore  considered  to  be  one  of  the 
most  important  of  the*United  States  Geological  Survey. 

It  is  the  plan  of  the  United  States  Geological  Survey  to  co-operate 
with  the  several  states  in  the  preparation  of  topographic  maps  in 
all  the  states  to  the  end  that  a  topographic  map  of  the  whole 
area  of  the  United  States  shall  ultimately  be  made. 

Wherever  co-operation  is  offered  by  a  state  the  federal  govern- 
ment purposes  to  expend  at  least  an  amount  equal  to  that  con- 
tributed by  the  state  for  the  work.  Thus  every  dollar  appropriated 
by  the  state  counts  for  two  dollars  in  the  prosecution  of  the  work. 

As  has  been  elsewhere  stated,  at  the  rate  that  topographic  surveys 
have  been  made  in  North  Dakota  since  1894,  when  the  first  sheet, 
the  Fargo  quadrangle,  was  surveyed,  it  will  require  about  one 
century  to  complete  a  topographic  survey  of  the  state.  Hitherto 
no  financial  co-operation  has  been  offered  the  federal  government 
by  the  state,  and  what  work  has  been  done,  therefore,  has  been 
done  solely  at  the  expense  of  the  federal  government. 

The  amount  appropriated  by  the  state  annually  for  the  main- 
tenance of  the  Acrricnltiiral  Snrvev  is  $1,000.  As  the  Survey  was 
organized  to  co-operate  with  the  ferlcral  surveys,  the  amount  made 
available  by  the  state  would  naturally  determine  the  amount  of 
co-operation  into  which  the  federal  surveys  would  enter,  and  the 
amount  also  which  the  state  desired.  However,  the  federal  author- 
ities have  taken  good  will  at  its  full  value,  and  have  expended  a 
much  larger  amount  than  the  state  appropriated  in  the  hope  that 
more  active  co-operation  on  the  part  of  the  state  would  be  provided 
in  the  future.  The  aggregate  expended  by  the  federal  surveys 
in  co-operation  with  the  Agricultural  College  Survey  in  the  divisions 
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of  soil,  areal  geology,  underground  waters,  and  topography  is  ap- 
proximately $10,000  for  the  years  1905-6,  aside  from  the  cost  of 
publication  of  reports. 

It  can  hardly  be  hoped  that  the  federal  authorities  will  continue 
to  expend  funds  so  generously  in  our  state  ijnless  some  active 
appreciation  of  the  generosity  manifested  be  shown  by  reasonably 
adequate  provision  of  funds  by  the  state. 

As  has  been  stated,  the  topographic  survey  forms  the  basis  for 
all  further  detailed  surveys.  The  cost  of  making  a  topographic  map 
averages  about  $3,000.  The  policy  of  the  government  is  to  expend 
in  each  state  an  amount  equal  to  that  provided  by  the  state  itself. 
In  order  to  have  the  topographic  survey  progress  with  rapidity  and 
in  accord  with  the  general  progress  of  the  work  in  other  lines,  one 
sheet  at  least  should  be  prepared  each  year.  Thus  the  state  in 
order  to  meet  the  generosity  of  the  federal  government  should 
provide  $1,500  per  year  for  this  work. 

Similarly,  the  work  of  the  soil  survey  has  been  heretofore  done 
almost  entirely  by  the  federal  department,  but  in  the  hope  that  the 
state  would  realize  the  benefit  and  value  of  the  work  and  provide 
an  annual  sum  sufficient  to  meet  that  offered  by  the  federal  govern- 
ment. For  this  work  the  federal  government  has  expended  during 
the  past  two  years  about  $5,000. 

In  addition  to  the  lines  of  co-operation  above  mentioned,  the 
Agricultural  College  Survey  has,  in  conformity  with  the  purpose 
expressed  in  the  law  organizing  the  survey,  undertaken  to  complete 
an  economic  and  geologic  map  of  the  state.  As  a  part  of  this  work 
the  survey  has  undertaken  the  i)rcparation  of  a  map  showing  the 
diiTerent  characters  of  lands,  the  soils  and  waters,  also  the  native 
grasses  and  forage  plants,  in  the  western  portion  of  the  state — a 
portion  of  the  state,  as  has  been  stated  before,  that  has  never  been 
accurately  mapped' — looking  toward  a  more  complete  geologic  and 
economic  map  of  the  state.    For  this  work  $1,000  per  year  is  needed. 

I  would  also  most  respectfully  urge  tlie  necessity  of  provision 
of  sufficient  funds  to  maintain  the  chemical  and  biological  divisions 
of  the  survey,  and  also  to  provide  for  permanently  preserving 
specimens  of  soils,  rocks,  minerals  and  other  material,  such  as  is 
being  collected  each  year,  but  for  the  preservation  of  which  no 
adequate  provision  has  been  made. 

The  investigations  which  are  contemplated  in  the  division  of 
clicniistry  include  both  field  studies  and  laboratory  analyses.     Five 
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hundred  dollars  per  year  for  the  biennial  period  will  be  needed 
to  carry  to  satisfactory  completion  the  field  and  laboratory  investi- 
gations which  it  is  hoped  to  undertake,  $300  being  the  estimated 
necessary  cost  of  the  field  work,  and  $200  that  for  laboratory  ma- 
terials, and  the  services  of  competent  assistants. 

For  the  biological  survey  and  .the  preservation  of  material  col- 
lected in  the  work,  $500  per  year  ought  to  be  expended  in  order 
to  yield  the  best  results. 

In  the  interest  of  the  fullest  conservation  of  the  results  of  the 
survey,  I  would  recommend  that  suitable  cases  for  the  preservation 
and  storage  of  the  valuable  material  which  is  each  year  collected 
by  the  different  field  parties  be  made.  One  hundred  dollars  per 
year  would  make  it  possible  to  preserve  each  year  material  the 
value  of  which  is  almost  beyond  expression  in  figures. 

Summarizing  the  above  figures,  I  desire  to  recommend  the  appro- 
priation of  the  following  amounts,  to  be  used  in  the  discretion  of 
the  director  for  the  following  purposes: 

Object  For  Which  Used  *  Annually 

For  topog^phic  survey $  1,600 

For  soil  surveys # 1,500 

For  surveys  in  western  portion  of  state 1,000 

For  division  of  chemical  investigations 500 

For  biological  survey   500 

For  preservation  of  material   100 

For  director's  expenses  and  incidentals 400 

Total  for  all  purposes   $  5,500 
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(b)     THE  TOWER  QUADRANGLE. 
(Referred  to  in  the  text  u  ¥\a.  O.^ 


DESCRIPTION  OF  THE  TOWER  QL'ADR.VXGLE. 

By  Daniel  E.  Willakd. 


GEOGRArilV. 

Location. — The  Tower  (iua(lrcin<:^io  (sec  tijj^urc  O)  is  bounded  by 
tl:c  ir.eridians  IJT  decrees  .'JO  niinutcs  and  i'S  decrees  west  loncri- 
tilde,  and  ])y  parallels  Hi  degrees  .')()  minutes  and  IT  degrees  north 
latitude,  being  about  twenty  four  and  three-fourths  miles  in  width 
and  a]>out  thirty-four  and  one-half  miles  in  length,  and  comprises 
about  8*3G  square  miles.  It  includes  ])ortions  of  Cass,  Barnes  and 
.Rans:^m  counties,  Xortli  Dakota.  The  eastern  boundary  of  the 
quadrangle  coincides  nearly  with  the  western  limits  of  the  iloor 
of  the  ancient  Lake  Ae^assiz,  comnionlv  known  as  the  Red  River 
\'alley.  The  Herman  beach,  the  highest  shore  Hne  of  Lake  Agas- 
siz,  crosses  the  eastern  boundary  of  the  quadrangle  near  its  mid- 
dle point.  The  eastern  and  southern  boundary  hncs  follow  ap- 
proximately the  course  of  the  deep  glacial  Sheyenne  valley. 

Geographic  Relations. — Eastern  North  Dakota  is  embraced  in  the 
Great  Plains  region,  and  is  crossed  by  the  indefinite  divide  that 
separates  the  waters  of  the  Gulf  sloj^e  from  those  of  the  Hudson 
]5ay  slope.  It  is  comprised  within  the  area  of  glaciation  of  North 
America,  and  its  surface  features  show  the  characteristics  of  a 
drift-covered  region.  The  country  is  generally  level,  but  presents 
broad  slopes  or  escarpments,  caused  by  j)reglacial  erosion,  the  latter 
rising  often  300  to  100  feet  above  the  ]>lains  to  the  eastward.  The 
slopes  are  generally  mantled  with  drift,  which  <)ccurs  in  long,  low 
ridges  formed  at  the  v(\ij:;(^  of  the  retreating  ice-slu-et  during  the 
time  of  deglaciation  (^f  the  continent,  l-'urthcr  divcrsitx  of  topog- 
ra[)hy  has  been  ]:n(duccd  l)y  the  cxca\ation  of  the  vallevs  <)f  the 
Missouri,  the  James  and  the  !^heyenne  rivcr.s.  Between  the  morainal 
ridges  occur  gently  r<»lling  |)lains  of  till.  <'r  nearly  level  plains  due 
to  the  fiUing  o{  glacial  lake  basin>.  The  Red  River  \'alley  is  a 
notable  example  i^f  lake-lx^d  toj)ograi)hy. 

Topography. — The  topography  of  the  Tower  quadrangle  is  that 
of  a  gently  imdulating  plain,   in  places  nearly  flat.     The  eastern 

Gcolojfical— 2 


DESCRIPTION   OF   THE    TOWER   QUADRANGLE 


part  of  the  quadrangle  has  a  general  elevation  above  sea  level 
of  about  1,100  feet,  though  the  small  portion  of  the  bed  of  glacial 
Lake  Agassiz  contained  within  the  area  is  crossed  by  the  contour 
of  1,0G0  feet,  and  the  dhannel  of  the  Sheyenne  river,  in  the  ex- 
treme southeast  corner  of  the  area,  rises  slightly  above  the  1,000- 
foot  contour.  The  highest  part  of  the  area  is  a  broad  swell  called 
the  Alta  ridge,  in  the  western  portion  of  the  quadrangle,  the  high- 
est points  on  this  ridge  being  three  small  areas  in  range  57  west, 
which  rise  above  the  1,500-foot  contour.  Beyond  the  crest  of  the 
Alta  ridge  to  the  westward  the  surface  declines  100  feet  or  so,  in 
places  directly  to  the  crest  of  the  bluffs  forming  the  east  side  of 
the  Sheyenne  river  valley,  and  elsewhere  to  the  nearly  flat  Lanona 
plain,  several  miles  in  width,  beyond  which  is  the  sharply  cut  valley 
of  the  Sheyenne  river.  Tlie  eastern  slope  of  the  ridge  declines 
rather  rapidly  200  feet  or  more  to  the  gently  undulating  plain  of 
the  Maple  river  basin. 

The  northeast  central  portion  of  the  quadrangle  is  a  nearly  level 
plain,  relieved,  however,  by  low,  symmetrical  hills.  The  north- 
east corner  of  the  area,  and  most  of  the  eastern  half  south  of  the 
level  plain  referred  to,  is  marked  by  morainic  ridges  and  elongated 
hills,  which  have  an  unmistakable  north-north w^est  and  south-south- 
cast  trend.  The  south  central  portion  of  the  area  is  rolling  in 
character,  the  hills  having  the  rough  and  irregular  outlines  of 
marginal  deposits  from  the  ice  sheet,  small  lakes  and  undrained 
sloughs  being  of  frequent  occurrence.  The  southwestern  part  of 
the  area  has  the  rough  surface  of  a  hilly  plain  deeply  trenched  by 
short  valley,  the  alignment  of  the  hills  being  generally  north  and 
south.  Northward  across  the  west  side  of  the  quadrangle  the  Alta 
ridge  is  traversed  by  lines  of  hills  which  are  less  rugged  in  char- 
acter, and  are  set  with  many  small  lakes  and  other  undrained  de- 
pressions. 

The  broad  and  deep  valley  of  the  Sheyenne  river  extends  along 
the    western   boundary  of  the  area  southward  throughout   nearly 
its  whole  extent,   swinging  eastward  in  a  broadly  sinuous  course 
near  the  southwest  corner.     It  continues  near  the  southern  boun- 
dary nearly  to   its  center,  leaving  the  area  in  section  18,  Fuller 
township.     After  flowing  a  distance  of  five  or  six  miles  a  little 
south  of   its   limits,   the  stream   turns  north   and  east  and   again 
enters  the  quadrange  at  the  extreme  southeast  corner,  in  section  17, 
Shenford  township     IJere  the  bed  of  the  stream   represents   the 
lowest  pcunt  of  the  quadrangle. 
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Drainage. — The  greater  part  of  the  Tower  quadrangle  has  no 
surface  drainage  whatever,  the  waters  from  rains  and  melting  snows 
3eing  absorbed  or  evaporated.  Shallow  lakes  without  outlets  and 
jndrained  slougiis  are  frequent.  Several  ancient  channels  occur 
ivithin  the  area,  but  none,  with  the  exception  of  the  Sheycnne  val- 
ey,  is  occupied  by  a  permanent  stream. 

The  Sheyenne  river  is  the  principal  stream  of  the  area.  Though 
ts  drainage  area  embraces  nearly  2,000  square  miles,  the  volume 
)f  water  discharged  into  the  Red  River  of  the  North  is  estimated 
o  be  less  than  that  flowing  through  \'alley  City,  nearly  ir)0  miles 
ip  the  stream.  The  loss  is  due  to  evaporation  and  abs<>q>tion  as 
he  stream  meanders  sluggishly  over  the  broad,  Hat  bottom  of 
he  ancient  valley  which  it  traverses.  The  crest  of  the  Alta  ridge, 
vhich  lies  four  or  live  miles  to  the  eastward  and  parallel  with  the 
Jhevenne  vallev,  is  about  1300  feet  above  the  bottom  of  the  vallev, 
ct  there  are  no  modern  stream  channels  to  carrv  awav  the  water 
rem  the  region  between  this  crest  and  the  shoulders  of  the  bluffs 
viiich  immediately  overhang  the  river. 

In  times  of  heavy  rains  and  melting  snows  a  system  of  ancient 
rhannels  is  occupied  by  the  Maple  river  and  its  tributaries,  but 
)rdinarily,  though  this  constitutes  the  drainage  system  for  an  area 
)f  more  than  1,000  square  miles,  the  run-off  is  insufficient  to  main- 
ain  a  permanent  stream.  The  issuance  of  springs  along  its  banks 
done  prevents  it  from  entirely  drying  up  during  the  summer 
;easons. 

Althougli  the  plain  of  the  lake  bed  of  glacial  Lake  Agassiz  lies 
mmediately  to  the  eastward  of  the  area,  400  feet  lower  than  the 
rrest  of  the  Alta  ridge  and  200  feet  lower  than  the  general  level 
)f  the  eastern  half  of  the  quadrangle,  still  there  are  no  eastward 
lowing  streams  in  obedience  to  this  fall  of  KM)  feet  in  the  distance 
>f  fifteen  miles. 

The  history  of  the  devel(»])mcnt  of  the  ancient  valleys  of  the  area 
s  given  in  a  subseciuent  connection. 

The  great  continental  watershed  between  the  Hudson  IWiy  basin 
md  the  (lulf  slojx*  crosses  the  Tower  qua<lrangle  in  the  extreme 
southwest  corner,  and  divides  its  drainai^^'c  into  two  very  unequal 
>arts.  The  divide  as  represented  on  this  area  is  made  uj)  of  two 
itrongly  contrasted  topographic  features,  viz.,  the  sharp  morainic 
:re5t  of  Bears  Den  Hillock,  in  section  10,  Bear  Creek  township,  and 
i  portion  of  the  almost  level  tract  of  Sand  Prairie  four  miles  north- 
west of  this.    The  streams  to  the  northeast  of  this  watershed  belong 
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to  the  system  of  the  Red  River  of  the  North,  while  the  rivulet? 
j.^rted  away  to  the  southwest  flow  into  Bears  Den  Hillock  creek. 
a  member  of  the  c^reat  Mississippi- Missouri  river  system. 

The  Shevenne  river  rises  in  McLean  countv,  verv  near  the 
;;i:eometrical  center  of  the  state  of  North  Dakota:  thence  it  P.ows 
in  a  generally  easterly  ccurse  through  a  distance  of  100  miles,  pass- 
ing s'.uth  of  Devils  Lake  fifteen  to  twenty  miles :  turning  s-xith- 
ward   in   southern    Nelson   countv  it  flows  south   bv  east  uniil   it 

m  m 

reaches  Fort  Rans'jm  township,  in  the  southwestern  part  of  the 
Tower  qurulrangle.  Between  Fort  Ransom  and  section  IT,  Shcr.- 
ford  township,  where  it  re-enters  the  quadrangle  after  leaving  it  in 
l-'uller  townshij;,  the  river  makes  the  most  significant  bend  through- 
out its  coi:rsL\  After  rounding  what  is  locally  known  as  the  1':.:: 
Ber.d  bel-Av  Lisb  ;n,  the  river  follows  a  northeast  course  across  the 
bed  of  glacial  Lake  Agassiz  to  its  debouchure  as  a  tributary  oi  the 
Red  River  of  the  North  at  a  point  twelve  miles  north  of  Fargo.  The 
great  bend  by  which  the  stream  in  its  lower  course  flows  almost  in 
tlie  opposite  directirn  from  that  in  its  upper  course  is  a  marke«: 
feature  of  all  the  tributaries  of  the  Red  River  of  the  North. 

The  ap])roximate  length  of  the  Shevenne  river  is  325  miles :  the 
area  actually  drained  is  less  than  '2.000  square  miles;  the  mean 
width  of  the  area  drained  is  therefore  about  six  miles.  This  mean 
width  is  maintained  approximately  uniform  throughout  its  course, 
the  tributary  valleys  at  all  points  of  the  stream  being  very  short, 
from  a  few  rods  to  two  or  three  miles  in  length.  The  entire  basin 
of  the  Sheycnne  river  is  estiir.ated  to  be  approximately  12,000  square 
miles. 

The  fall  of  the  Shevenne  fn»m  source  to  mouth  is  three  and  one- 
half  feet  per  n?ile.  A  e<nisiderahle  jjart  of  this  fall  is  given  the 
stream  by  its  <le^cent  fnmi  the  escarpment  of  the  Plateau  du  Mis- 
souri. I'><.»in  the  i)oint  of  its  entrance  upon  its  glacial  delta  across 
ihe  lake  bed  of  i^daeial  Lake  .\gassiz  to  its  debouchure  the  fall  is  a 
liltle  less  ilian  two  feet  ])er  mile.  In  tliis  fioor  of  unconsolidated 
lacn-triiie  -ediir.ent^  ih.e  river  has  intrenched  itself  in  a  narrow, 
'-Iiarjly  inri^cd  vallev.  Where  the  river  crosses  the  Tower  quad- 
lar.Lr^'.  tliiMiic^Hi  a  di^tanre  of  ahont  i^jrty  miles,  the  flood-plain  falls 
.•■l;o;-.i.  <  n<.'  and  <  nt'  half  t\et  per  ndle,  a  slight  rapids  being  de- 
ve!<';,<d  wIhtc  tlie  \ alley  crosses  the  moraine  near  Fort  Ransom. 

'I'lic  Slie\eniir  \alley.  where  it  enters  the  Tower  quadrangle,  in 
township  1  li»  nor;li.  ran:L;e  -^'^  we^t.  about  three  miles  above  Valley 
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City,  has  a  width  from  bluff  to  bluff  of  about  one  mile.  The  flat 
l>ottom  is  here  about  180  feet  below  the  general  prairie  level.  At 
\'allcv  Citv,  however,  the  valley  becomes  suddenly  wider,  so  that 
the  width  of  the  plain  that  has  been  covered  by  the  waters  of  the 
river  is  fully  five  miles.  This  high  terrace  will  be  described  else- 
where as  the  Lanona  plain.  One  and  one-half  miles  south  of  X'alley 
City  the  valley  is  about  one  and  three-fourths  miles  wide  between 
the  blulls.  The  i)rairie  plain  adjacent  is  nearly  r20()  tVot  above  the 
broad,  level  i1ood-])lain.  Thirty  miles  below  \  alley  C  ily,  in  scctujn 
o«),  T>ear  Creek  township,  a  |  oint  in  the  valley  known  as  tlie  jaws 
is  only  a  little  more  than  one-half  mile  in  width,  and  the  tlood- 
plain  lies  about  h")0  feet  below  the  c^cneral  level  of  the  prairie. 
AbwUt  ten  miles  below  the  Jaws,  where  the  river  leaves  the  (juad- 
rangle,  the  valley  is  about  one  mile  wide,  and  has  a  depth  below 
the-  prairie  level  of  about  lOU  feet.  At  the  extreme  southeast  corner 
of  ilie  ijuadrangle  the  valley  is  about  one-(|uarter  n:ile  in  width 
and  h:is  a  deptji  of  about  fifty  feet. 


A  DESCRIPTION    OF    GEOLOGIC    FORMATIONS    IN 

EASTERN  NORTH  DAKOTA. 

By  Daniel  E.  Willard. 


General  Relations. — Excepting  the  slopes  of  the  Sheyenne  river 
the  Tower  quadrangle  (see  figure  O)  is  covered  by  a  ccmsiderable 
deposit  of  glacial  drift.  Beneath  the  drift,  wherever  penetrated  by 
deep  borings,  some  hundreds  of  feet  of  soft  blue-black  shale  have 
been  encountered.  The  Sheyenne  river,  in  eroding  its  valley  in 
the  western  j)art  of  the  quadrangle  has  cut  down  through  the 
glacial  drift  10  to  150  feet  into  this  shale,  so  that,  where  not 
obscured  by  the  sliding  down  of  glacial  debris  from  above,  ex- 
posures of  the  shale  are  afforded. 

It  is  often  very  difficult  to  determine  at  just  what  depth  the 
shale  is  first  encountered  in  drilling  wells,  owing  to  the  similarity 
between  the  glacial  clay  and  the  shale  from  which  it  w-as  very 
largely  derived.  Boulders  occur  in  the  drift,  but  it  is  not  often  thai 
an  accurate  re]X)rt  can  be  ol>tained  from  the  drillers  as  to  the  depth 
at  which  the  last  boulders  were  encountered.  The  issuance  of 
si)rings  from  the  slopes  of  the  river  valley  frequently  serve  to 
indicate  ai)proximately  the  horizon  of  contact  betwenen  the  shale 
and  the  overlying  drift. 

CRICTACKOUS   DRPOSfTS. 

Pierre  and  Colorado  Shales. — So  far  as  there  has  been  oppor- 
tunity for  determination  from  the  mcAger  exposures  in  the  slopes 
oi  tlie  river  valk-y  and  from  tlie  records  of  several  deep  wells  the 
ilcjwisits  beneath  the  glacial  drift  consist  of  blue-black  shale  with 
intc-rcalatc-d  layiTs  r)f  san;l.  In  tlie  Iowct  i)art  of  the  shales  lime 
concrotions  and  thin  layers  of  hard  rook,  called  by  the  drillers  **iron 
ore,"  also  tK'onr.  Xo  fossils  have  \wx\\  found  within  this  area,  so 
thai  the  {\i^i.\  of  ilu'  shale  can  onl\  Ik-  inferred  from  its  relations  to 
f"rniali«.»n^  in  nci.cfiihorini:,^  rcj^i^ns  \\ho>c  ai^e  has  becy  determined. 
and  to  the  underlying  sandstone,  wliich  is  r^tferrecl  to  the  Dakota. 


X 
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The  Pierre  shales  outcrop  in  extensive  cliffs  100  miles  to  the  north- 
ward. 

Upham  reports  the  finding  of  Inoccramus  sagensis,  Owen,  frag- 
ments of  other  lamellibranchs,  and  Baculites  ovatuSy  Say,  on  the 
western  slope  of  a  hill,  partly  bared  of  drift  and  consisting  of  Pierre 
shale,  near  the  west  line  of  section  33,  townshtip  139  north,  range 
58  west,  eight  miles  south  of  Valley  City  and  about  one  and  one- 
half  miles  west  of  the  Sheyenne  river,  at  an  elevation  above  sea 
level  of  1,350  feet,  and  about  175  feet  above  the  river.^ 

It  is  probable  that  all  of  the  shales  ex|x:)sed  at  the  surface  on  this 
quadrange  (sec  figure  O)  belong  to  the  Pierre,  but  the  lower  beds 
overlying  the  Dakota  doubtless  include  equivalents  of  both  the 
Benton  and  the  Niobrara,  which  may  be  conveniently  designated 
Colorado  shales,  the  two  not  being  clearly  distinguishable. 

The  thicknesses  of  shales  on  the  Tower  quadrangle  with  de- 
scriptions of  same,  are  shown  in  the  followings  logs : 

Sonik  well,  section  28,  Howes  township  (T.  139  X.,  R.  54  W.)  : 

FEET 

Soil  and  yellow  day,  with  stones   130 

Blue  clay,  with  sand  layers  319 

Total  depth   449 

Talcott  farm  section  13,  Tower  township  (T.  140  N.,  R.  55  W.)  : 

^  FEET 

Sod  and  clay   150 

Hardpan   10 

Blue-black  clay-shale   446 

Total   depth    606 

Card  well,  section  34,  .Hill  township  (T.  139  N.,  R.  55  W.)  : 

FEET 

Clay  with  boulders    200 

(Two  flows   separated   l)y   an   interval   of   about   sixteen 
feet,  reported  at   thi•^  liorizon.) 
Shale   8<)0 

Total   depth    5no 

Tower  City  well,  section  19,  Tower  township  ( T.  MO  N.,  R. 
55  W.)  : 

FEET 

Soil  and  clay  1  (14 

Blue  clay-shale   502 

Quicksand    5 

Total    depth    671 


1  Upham.  Warren,  The  Glacial  Lake  Agassiz:  Mon.  xxv,  U.S.G.S.,  1896,  p  92. 
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Silsand  well,  sccti.-.n  10.  Dear  Creek  township  (T.  13G  N.,  R.  TjS 
W.): 

FEET 

Soil,  sand  an<l  tlay  8 

Dark  shale   40 

Light  gray  shale    320 

Hard,  dark  shale   100 

SandstoiK*    * 2 

Hard,  dark  shale  300 

I  ron  pyrites   1 

Softer' dark   shale    100 

Shale,  with  layers  of  sand  rock  from  six  to  ten  inches  thick. .  50 

Total  depth   950 

Xome  City  well  section  13,  Thordenskjol:!  township  (T.  137  N.. 
R.  57  W.)  r 

FEET 

Soil,  sand  and  clay 40 

Yellow  clay 20 

Gravelly  and  stony  bine  clay 4H 

Gravel  and  stones,  hard   22 

Tough  blue  clay   140 

Iron  ore   (varying  from  two  inches  to  two  feet  ir  diflferent 

wells)    1 

Blue   clay    8o 

Iron   ore    3 

Hard    layer    2 

Blue  clay,  with  layers  of  fine  sand 300 

Hard   clay,  like  hardpan 10 

Sand  and  clay  (first  How.  called  "drip  and  llow") ...    42 

Hard  layer,  containing  iron O'i 

Clay   28 

Hard    layer    O^/ 

Clay  with  fine  s;ind   (, second  flow ) 45 

Clay   and    fine    sand    in   alternating   layers.  With   thin    layers 

of    iron   ore  35 

Clay  and  sand   (mi^re  sand  below),  final  flow 23 

Total   depth    888* 

Depths  of  (^tlier  wells  on   the  quadrangle   which   penetrate  the 
Dakota   fcrn-aticn.   are  as   follows: 

DEPTH 

Lowi*^   well,   socticn   2l'.   llowt"^   township    (T.    139   N.,   R. 

51    W.) 53r, 

Grnnii>h  wt-il.  htctinn  21,  Hf»we<  lown^liip 425 

Smith    farm,    sectit.n    11.    Karitan    township    (T.    137    N., 

^<.  5t;  W.)    .^ 740 

Major   Mntt/  wt-ll,  scriion  JT,  Casov  trnvnship    (T.  135  N., 

R.  .V.  W. ) ". 730 

A.   (\  Rnf^vi)ld   well.  >(\"ii"n  T,  Si)riim  township    (T.   135 

X..   K.   M  W.^    885 

<  l^)«^ptb  1u  priiu-ipal  f!;  w.   -^'JO  \cr[.) 

*  1  ]\c  !'»L'  ut  tile  Noiiit   well  is  -l.itt.ll  by  tlu  <lrillcr  to  ri.-i)rcscnt  the  records  of  a  number  of 
wrlls  in  ihi?  \  icinity. 
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DEPTH 

Ernest  Billings  well,  section  14,  Spring  township 945 

(Depth  to  principal  flow,  900  feet.) 

J.  Pcterman  well,  section  28,  Spring  township 900 

Ole    Rufsvold   well,    section     1,    Fort     Ransom     township 
(T.  13o  N.,  R.  58  W.) 885 

Well  on  Bear's  Den  Hillock,  sccti(Ji  2,  Fort  Ransom  town- 
ship     1,070 

Dakota  Sandstone. — At  depths  varying  from  450  feet  in  the  east- 
ern part  of  the  quadrangle  to  875  feet  at  Valley  City,  and  1,070  feet 
in  section  .2,  Fort  Ransom  townshij),  in  the  western  part  of  the 
area,  sandstone  is  encoimtored  beneath  the  Pierre  and  Colorado 
sb.ales.  This  is  the  source  of  the  artesian  waters  within  this  area, 
and  it  is  thought  to  belong  to  the  Dakota  formation. 

The  uniform  salty  character  of  the  water  from  the  artesian  wells 
indicates  the  presence  of  sodium  chloride  in  the  sandstone. 

Twenty-five  miles  west  of  this  quadrangle,  in  the  James  river 
valley,  sandstone  regarded  as  Ixilonging  to  the  Dakota  formation, 
is  encountered  at  depths  from  1,220  feet  in  range  02  west,  to  1,470 
feet  in  range  64  west. 

Upon  the  western  half  of  the  Casselton  quadrangle,  which  ad- 
joins the  Tower  quadrangle  on  the  east,  borings  penetrate  the 
sandstone  at  depths  of  300  to  400  feet. 

These  considerations  together  with  the  depths  at  which  the 
sandstone  is  reached  on  the  present  area,  show  the  westward  dip 
of  the  Cretaceous  formations. 


THE     QUATERNARY    (DRIFT)    FORMATIONS  OF   THE 

TOWER  QUADRANGLE. 

By  Daniel  E.  Willard  and  H.  V.  Hibbard. 

(By  permission  of  the  United  States  Geological  Survey.) 


General  Character  and  Relations  of  the  Drift. — The  surface  for- 
mations of  the  Tower  quadrangle,  except  the  slopes  of  the  Shey- 
enne  valley  already  referred  to,  are  deposits  made  directly  from 
the  melting  ice  sheet  or  secondarily  from  the  flood  waters  resulting 
from  the  melting  ice.  These  deposits  of  unconsolidated  material 
are  grouped  together  under  the  general  name  of  drift.  While 
stratified  deposits  of  sand,  gravel  and  clay  are  of  frequent  occur- 
rence, much  of  the  drift  is  unassorted.  The  unassorted  material 
consists  generally  of  a  matrix  of  clay  in  which  are  imbedded  rock- 
fragments  of  various  sizes,  shapes  and  lithological  characters. 

This  clay  is  very  similar  in  character  to  the  blue  clay  resulting 
from  Oie  disintegration  of  the  underlying  shale,  and  indeed  it  ap- 
pears that  it  was  from  this  shale  that  the  clay  of  the  drift  was  very 
largely  derived. 

While  the  arrangement  of  the  constituents  of  the  drift  is  in  large 
part  heterogeneous,  yet  from  the  frequent  occurrence  of  strati- 
fied materials  in  the  deposit,  especially  in  certain  parts  of  the  area, 
it  is  evident  that  considerable  water  must  have  taken  part  in  the 
original  de]X>sition  or  in  the  arrangement  of  the  deposits 

The  depth  of  the  drift  deposits  over  the  area  varies  from  a 
thin  remnant  of  boulders  to  a  clcj^osit  of  100  feet  or  more.  The 
drift  presents  a  mininuim  thickness  on  the  upper  flat  plain  of  the 
west  bluflf  of  the  Shevenne  vallev  from  Vallev  Citv  to  Oakville, 
where  it  is  represented  by  little  else  than  scattered  boulders  rest- 
inf(  ujxni  or  imbedded  in  the  dcej)ly  weathered  Cretaceous  shale.  A 
maxinuini  thickness  occurs  on  the  Alta  ridge,  where  well  borings 
have  reached  shale  at  a  depth  of  alxiut  120  feet.  The  Sheyenne 
valley  has  been  eroded  deeply  into  the  shale,  and  although  the  shale 
has  been  lar^elv  concealed  bv  the  talus  of  drift  that  has  fallen  down 
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the  valley  sides,  yet  the  sections  of  the  drift  thus  revealed  show 
its  thickness  here  to  be  from  fifteen  to  twenty  feet. 

The  stony  material  of  the  drift  ranges  in  size  from  coarse  gravel 
to  boulders  two  or  three  feet  in  diameter.  Large  boulders  such 
as  the  last  named  are  not  generally  abundant.  Exceptions  to  this 
are  the  Alta  ridge  and  the  slopes  of  the  Sheyenne  valley,  where 
these  are  in  close  proximity  to  morainic  deposits.  In  the  latter 
situation  boulders  from  six  inches  to  three  feet  in  diameter  literally 
form  a  pavement  over  considerable  areas.  Boulders  gathered  in 
heaps  from  the  tilled  fields  on  the  Alta  ridge  show  sizes  averaging 
one  foot  in  diameter. 

The  till  beds  are  relatively  free  from  stonv  materials,  as  shown 
by  exposures  in  valleys  and  sections  of  the  drift  in  railroad  cuts 
and  wells.  Out  of  200  well  records  ten  only  were  reported  as 
containing  any  considerable  amount  of  stony  material. 

Granitic,  trappean  and  quarzitic  material  make  up  the  major  por- 
tion of  the  stonv  niatcrial  of  boulder  size.  It  is  estimated  that 
perhaps  10  per  cent  of  the  boulders  is  limestone.  Not  infrequently 
shale  boulders  and  cobbles  are  found  in  the  terraces  and  drift  de- 
posits. On  the  whole  the  foreign  material  constitutes  a  very  small 
fraction  of  the  glacier  deposits.  While  small  fragments  of  crystal- 
line rocks  may  be  seen  upon  minute  inspection  of  the  sand  and 
clay  beds,  almost  the  entire  body  of  the  till  is  of  local  origin. 

No  impressions  of  the  nature  of  grooves  or  stria;  have  prob- 
ably been  retained  in  the  fragile  Cretaceous  shales  which  formed 
the  floor  beneath  the  moving  ice — at  least  none  were  discovered. 
Subangular  pebbles  and  small  boulders  with  polished  facets  bear- 
ing the  well  known  groovings  and  scratches  of  glacially  striated 
stones  occur  in  the  body  of  the  glacial  dq)osits  of  this  area,  although 
not  as  abundantly  as  in  correspond  in  j^-  situations  in  Illinois  or  Wis- 
consin. 

The  arrangement  and  direction  of  the  terminal  moraines  indi- 
cate a  west-southwest  movement  oi  the  ice  sheet.  (See  fiij^ure  1.) 
The  region  of  Archaean  rocks  about  4(H)  miles  to  the  northeast 
.seems  to  have  been  the  home  of  the  foreij^n  material  that  has  found 
lodgment  in  the  drift  of  tlu*  ([nadraiiijle. 

Lenticular  pseudostratified  masses  <>f  ])<>n)us  travertin-like  lime- 
stone in  which  are  included  drift  ]K'bbles  and  cobbles,  the  whole 
presenting  the  structure  of  an  ordinary  conglomerate  rock  with 
a  limestone  matrix,  were  found  in  several  places  imbedded  in  the 
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drift  closely  associated  with  terminal  moraines.  One  instance  is 
in  Madigan's  coulee,  section  4,  Spring  township,  on  the  side  of 
the  valley  near  to  and  above  a  ledge  of  outcropping- shale.  Another 
is  on  the  north  bluff  of  the  Shevenne  river,  section  12,  Fort  Ran- 
som  township,  in  a  gravelly  mass  of  drift  near  its  contact  with 
the  shale,  expensed  by  a  road  cut  leading  into  the  Sheyenne  valley. 
The  most  notable  occurrence  of  this  formation,  however,  is  in  the 
Glens  of  Kathryn,  section  23,  Oakville  township,  where  an  area  of 
several  humlred  square  rods,  broken  by  deep  gorges  and  hills  and 
supporting  a  dense  growth  of  small  timber,  is  made  up  of  large 
blocks  and  irregular  masses  of  this  limestone,  scattered  confusedly 
over  the  surface.  , 

The  Glens  of  Kathrvn  arc  situated  on  the  sides  of  a  tributarv 
valley  of  the  Sheyenne  river,  where  the  principal  gorge  has  been 
eroded  through  the  drift  and  100  feet  into  the  shales  beneath. 
High  morainic  hills  lying  on  the  upper  slopes  of  the  valley  to  the 
south  and  west  form  a  gathering  area  for  water,  which  issues  in 
the  form  of  springs  along  the  contact  of  shale  and  drift,  and  from 
crevices  in  the  shale  of  the  glens.  The  mineral  charged  waters 
of  these  springs  may  have  deposited  the  travertin  around  and  en- 
trapped the  coarser  constituents  of  a  talus  of  drift  lying  at  the  foot 
of  the  bluff,  thus  forming  the  conglomeric  masses  of  a  calcareous 
matrix  and  drift  pebbles.  That  these  rock  bodies  were  not  trans- 
ported by  the  ice  but  were  formed  in  situ  is  attested  by  their  sharply 
angular  outlines,  and  by  numerous  exposed  and  delicately  crystal- 
line surfaces. 

A  groat  mass  of  evidence  has  accumulated  indicating  that  the 
ghiciation  of  North  America  was  not  confined  to  a  single  stage  of 
growth  and  decadence  of  the  glaciers,  but  the  vast  sheets  of  ice 
were  developed  which  spread  widely  over  the  surface  of  the  land. 
and  tliat  after  tliey  had  occu])ie'.l  the  region  for  a  period  they  were 
melted  away  in  part,  or  jK-rliaps  wholly,  to  be  later  succeeded  by 
renewed  advances  of  the  ice  front.  The  glaciers  of  these  successive 
invasions  did  net  reach  the  same  limits,  and  it  is  quite  probable  that 
llif  reG:i<"ins  freed  fr«)m  ice  during  the  warmer  intervals  were  equally 
v:irial)U'  in  extent.  Diiriiii::  the  stages  when  the  land  was  freed 
from  ice  new  ^nils  <level«>])ed.  vei^etation  grew,  and  erosion  sciilp- 
UiTiii  llu;  surface  I'f  ilut  drift  ])revi(Hisly  (leix:)sited. 

l*".videiice  cf  mure  tliaii  <ne  sta,i;e  «>f  L^i^rowth  and  decadence  of  the 
rMiiiiiu-iital   Lilacier  liave  Ix-eii    f.iiind  on  this  area,  but  the  history 


QUATERNARY  FORMATIONS   OF  THE  TOWER  QUADRANGLE  13 

of  the  Stages  of  glaciation  and  deglaciation  cannot  at  this  time 
be  fully  written,  owing  to  the  fact  that  the  earlier  glacier  deposits 
are  so  thoroughly  commingled  with  the  later  drift,  or  so  completely 
buried  by  it,  that  only  an  incomplete  distinction  can  be  made. 

Evidence  of  deglaciation  and  the  formation  of  soil  and  the  accu- 
nudation  of  vegetable  matter  and  the  subsequent  advance  of  the 
ice  and  burial  of  the  surface  materials  accumulated  during  the 
time  of  deglaciation  is  afforded  by  the  reports  of  peaty,  mucky 
and  lignitic  matter  encountered  in  digging  or  boring  for  water 
at  depths  of  twenty  to  f>)rty  feet  Ix^low  the  present  surface.  Evi- 
dence also  of  a  period  of  erosion,  which  was  in  turn  f<:>llowed 
by  a  period  rf  destruction  of  the  landscape  features  developed,  is 
afforded  by  certain  tO])ographic ''features  which  are  best  explained 
by  reference  to  an  earlier  invasion  of  the  ice  slieet.  Several  ex- 
an:ples  of  scries  of  small  lakes  or  lakelike  dei)ressions  which  occupy 
a  single  general  long  depression,  but  which  are  individually  sepa- 
rated bv  low  hills  or  hummocks  of  drift  material  occur  on  this 
area,  (jne  of  the  most  notable  is  the  Alice  chain  of  lakes,  in  the 
eastern  part  of  the  area  where  the  general  line  of  depression  can 
be  traced  through  a  distance  of  eight  miles,  nine  lakes,  besides 
nearly  as  many  lake-like  depressions,  occurring  in  this  distance. 

These  depressions  vary  in  dimensions  from  twenty  to  forty  rods 
in  diameter  to  a  half  mile  in  width  and  one  and  one-half  miles  in 
length.  The  sides  are  steep,  composed  mainly  of  till,  and  are  fre- 
quently bordered  with  cobbles  and  boulders.  The  bottoms  are 
flat  and  lie  at  a  d'epth  of  about  twenty  feet  below  the  surrounding 
])lains.  Some  of  the  depressions  join,  some  are  separated  by  low 
bars  of  gravel  and  sand,  and  others  by  ridges  of  till.  Hills  and 
ridges  from  ten  to  twenty-five  feet  in  altitude,  having  gentle  slopes 
and  presenting  the  characteristics  of  kames,  are  found  in  close 
p.roximity  to  the  sides  of  the  lakes.  Hills  c<>ir.]iosed  ni<")Stly  of  till 
and  having  the  steep  sloj;es  of  niorainic  (le[)osits  als<">  occur.  The 
alignment  of  the  hills  and  ridges  is  generally  parallel  with  that  of 
the  depressions,  and  the  hills  and  ridge>  are  never  found  to  occur 
l>etween  the  dej)ressi<;ns. 

Another  examjde  <)f  wlial  aj'jpears  t:)  be  a  blocked  drainage 
frhannel  extends  northward  ivom  section  '.),  Spring  townshi]), 
through  Preston,  Thordenskjold  and  Xorman  townships,  (Tps. 
135,  136,  137,  137  X.,  K.  oH  W'.),  a  distance  of  fifteen  miles.  The 
southern  five  miles  of  this  ancient  water  course,  which  is  locallv 
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known  as  Madigan's  couke,  is  a  steep-sided  ravine  or  gorge  hav- 
ing a  depth  at  its  mouth  of  more  than  100  feet,  the  sides  being 
outcropping  shales  with  overlying  talus  of  the  same  material.  Very 
little  drift  exists  along  the  bottom  or  sides  of  this  gorge.  Ten 
miles  to  the  northward  from  the  head  of  this  gorge  the  depression 
continues,  though  there  is  no  continuous  modern  water-course.  In 
sections  14,  11  and  2,  Preston  township,  the  depression  contains 
several  lake-like  basins  with  intervening  hills  of  morainal  type. 
Thence  it  continues  northward  through  sections  30  and  31,  Raritan 
township,  and  25  and  36,  Thordenskjold  township,  thence  being 
interrupted  by  a  rolling  hilly  topography  to  sections  23  and  14, 
Thordenskjold  township,  thence  soon  extending  three  miles  north- 
ward in  a  broad  lake-like  depression,  beyond  which  it  may  be  traced 
four  or  five  miles,  in  Norman  and  Binghampton  townships,  as  a  flat 
till-plain  interrupted  by  rolling  hills. 

The  most  obvious  explanations  of  such  chain-like  series  of  basins, 
nearly  all  of  which  have  their  major  axes  in  the  general  direction 
of  the  main  depression,  would  seem  to  be  that  a  valley,  representing 
a  period  of  erosion,  had  been  blocked  or  partially  filled  by  drift 
deposits  during  a  subsequent  period  of  glaciation  and  destruction  of 
landscape  features. 

DEPOSITS  OF  THE  W'ISCONSIN  STAGE  OF  GLACIATION. 

Ground  Moraine, — The  deposits  formed  and  overridden  during 
the  advance  of  the  Pleistocene  glaciers  compose  the  ground  moraine. 
When  the  final  melting  took  place,  such  drift  as  was  lodged  well 
up  in  the  body  of  the  ice  or  upon  its  surface  was  let  down  upon 
tlie  subglacial  deix:)sits.  Generally  such  additions  of  englacial  and 
superglacial  drift  are  not  very  clearly  distinguishable  from  the  drift 
dcfK^sitC'l  beneath  the  ice.  Besides  the  definite  tenninal  moraines 
formed  during  the  deglaciation  of  the  area,  scattered  marginal  de- 
])()sits  also  (jccur  frequently  within  the  ground  morainic  tract. 
Grrmnd  and  terminal  moraines  often  merge  into  each  other  so  that 
the  two  cannot  be  clearly  distinguished.  Gently  undulating  till- 
];lains  occur  anionic  hills  of  terminal  morainic  character. 

Tlic  ^rniin.'l  moraine  occu])ies  the  northern  and  central  parts  of 
the  area,  merging  <^radnally  into  the  terminal  morainic  tract  on  the 
east,  south  and  west.  Manv  isolated  symmetrical  hills  have  al- 
titndes  from  ten  to  twent\-five  feet,  rise  with  gentle  slopes  above 
the  nearly  level  jnrround  moraine,  and  are  characterized   in  struc- 
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ture  by  a  core  of  ordinary  unassorted  till  surrounded  and  overlaid 
by  irregularly  stratified  but  fairly  definitely  assorted  gravel  and  sand 
beds.  The  gravel  is  cherty  and  calcareous  in  composition,  and 
the  individual  pebbles  are  not  well  rounded  in  form.  Elevations 
of  this  character  are  so  common  as  to  be  referred  to  as  the  "gravel 
capped  hills"  ol  the  vicinity.  The  excavated  summits  and  sides  of 
these  embossments  of  the  till-plain  at  once  reveal  their  structure, 
and  mark  tlieir  utilitv  as  a  source  of  excellent  road  metal  as  well 
as  sand  and  gravel  for  other  constructive  purposes. 

The  great  body  of  Uie  ground  moraine  is  made  up  of  a  fine- 
grained, compact,  aluminous  clay,  with  which  arc  intermingled 
grains  of  quartz,  particles  of  silt,  and  angular  fragments  of  the 
crystalline  rocks.  Widely  scattered  througout  this  clay  matrix  are 
pebbles,  cobbles  and  iKnilders  of  various  lithological  cliaractcrs  not 
unlike  those  of  the  terminal  moraines  of  this  area,  as  elsewhere 
described.  While  the  whole  is  unstratificd  as  compared  with  the 
finite  assortment  of  water  deposited  material,  yet  where  sections 
of  considerable  thickness  are  exposed  an  irregular  and  crude 
bedding  may  be  distinguished.  Beds  of  varying  thickness  and  at- 
titude, consisting  of  definitely  stratified  sand  and  gravel,  are  inter- 
laminated  with  the  more  massive  and  heterogeneous  body  of  the 
till.  The  clay  matrix  is  a  dark,  slaty  gray  in  color,  generally  known 
as  the  blue  clay  of  the  region. 

Oxidation  has  changed  the  upper  five  to  twenty  feet  to  a  light 
yellow  color.  The  thickn-ess  of  tlie  till  sheet,  as  estimated  from 
well  records,  varies  from  fortv  to  100  feet.  Of  the  bodv  of  the 
till  upwards  of  90  per  cent,  both  of  the  ground  and  terminal  morainic 
tracts,  seems  to  have  been  derived  from  the  subglacial  burden  of 
the  ice  sheet.  This  material  was  sui>i>lied  to  the  glacier  from  the 
underlying  Cretaceous  shales  at  no  great  distance  from  its  present 
place  of  lodgement. 

The  very  small  number  of  lx)uI(kTs  scattered  over  the  ground 
m.oraine  would  seem  to  indicate  that  the  suj)erficial  and  englacial 
load  of  the  glacier  at  the  time  oi  its  rescession  was  relatively  small. 
Almost  all  of  the  boulders  are  rounded  masses  of  the  more  re- 
fractory fragments  of  tlie  granitic  and  tnlier  crystalline  formations 
which  are  found  /;/  situ  I  no  miles  distant  in  the  Canadian  ])rov- 
inces  to  the  northeast.  l)fnilders  whose  characteristics  point  their 
origin  to  an  outcrop  of  PaL-eozoic  strata  are  found,  but  their  num- 
ber is  exceedingly  small. 
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Terminal  Moraines, — The  terminal  moraines  of  the  Tower  quad- 
rangle occupy  the  eastern  southern  and  western  portions.  The 
broad,  gently  undulating  plain  thus  inclosed  in  the  northern  and 
central  parts,  and  which  is  drained  by  the  Maple  river  system,  con- 
stitutes the  ground  moraine,  with,  however,  some  marginal  deposits, 
as  elsewhere  explained. 

The  eastern  morainic  tract  enters  the  quadrangle  from  Ayr 
township  in  the  northeast  corner  and  passes  southward  through  the 
center  of  Buffalo  township  to  Howes  township,  where  it  bears 
slightly  to  the  west,  continuing  thence  south  to  the  vicinity  of  the 
town  of  Enderlin.  The  morainic  tract  is  about  one  and  one-half 
miles  in  width,  and  includes  the  region  of  the  Alice  chain  of  lakes 
described  elsewhere. 

The  northern  third  of  this  morainic  tract  has  an  altitude  a  hundred 
feet  greater  than  that  of  the  hills  of  its  southern  extension,  and 
about  sixty  feet  greater  than  tlie  ground  moraine  and  Maple  valley 
to  the  westward.  From  these  facts,  together  with  the  records  of 
well  borings,  which  show  the  drift  to  have  a  thickness  of  about 
sixty-five  feet,  it  is  apparent  that  this  part  of  the  moraine  lies  on 
the  summit  of  a  preglacial  ridge. 

The  surface  of  the  moraine  is  strongly  undulating,  the  hills  ris- 
ing ten  to  twenty  feet  above  the  general  level.  Shallow  undrained 
depressions  are  frequent.  Farther  south  the  hills  are  more  widely 
separated  and  the  slopes  are  less  abrupt.  A  striking  feature  of  the 
morainic  deposits  in  Buffalo,  Howes  and  Eldred  townships,  and 
also,  though  less  conspicuous,  in  Clinton,  Pontiac  and  northern 
Binghampton  and  Springvale  townships,  is  an  arrangement  of  the 
hills  and  till  ridges  in  short  ranges  having  a  definite  north-north- 
west and  south-southwest  trend. 

A  tyj;e  of  hills  or  elongated  elevations,  whose  structure  and 
composition  show  tlicni  to  be  marginal  deposits  known  as  kames, 
occurs  in  the  western  portions  of  Buffalo,  Howes,  Eldred,  Highland, 
northeast  Liberty,  western  ^Nloorc.  northern  Thordenskjold,  Nor- 
man.  western  C'liK'i  and  Alta  townships.  Two  groups  of  these 
hills,  which  arc  t\pically  developed  and  are  used  as  a  basis  of  de- 
srrii'.tioii,  (X\'nr  in  tlie  southwest  quarter  of  section  5  and  the 
<ouihe:ist  quarter  of  section  .^,  Eldred  township. 

In  strurture  the<c  bills  have  an  irregular  stratification,  and  a 
fairly  detniite  assortment  <:f  material,  including  sand  and  gravel, 
t-'.L^x-tl^.'r  with  beds  of  K>uldery  till.     The  narrowing  and  widening 
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of  the  beds,  crossed  obliquely  by  delicately  laminated  stratifica- 
tion dipping  at  various  altitudes  and  mingled  with  the  coarser 
materials  of  the  drift,  indicate  that  both  water  and  ice  were  con- 
cerned in  their  formation.  The  two  groups  referred  to  in  Eldred 
township  extend  noticeably  in  a  north-northwest  and  south-southeasr 
direction,  and  this  fact  is  general  for  the  most  of  those  that 'have 
an  elongated  form  on  the  eastern  portion  of  tlie  quadrangle.  Those 
in  the  four  townships  last  named  have  no  distinct  axial  trend. 

fcri^iis  Falls  Moraine. — The  western  niorainic  z^ne  varies  from 
four  t»">  seven  miles  in  width.  It  enters  the  quadrangle  from  the 
nortli  through  the  central  part  of  Xoltinieier  t<)wnshi]>,  and  passes 
due  souih  t«>  the  eastern  part  of  l-^irt  Ivansom  anl  western  Spring 
tov.nshi];s.  'I'hence  from  the  limits  of  the  Tnwer  (piadrangle  it 
continues  southward  close  against  the  western  bank  of  glacial  River 
Ransom,  maintaininir  its  sontlu-rlv  course  to  tlie  binnidarv  of  the 
State  in  range  ')8  we.st. 

]Mr.  Warren  I'DJiam's  sixth  or  Waconia  m<")raine'''  lies  seven 
miles  distant  to  the  west,  while  his  seventh  or  Dovre  moraine,  as 
m.apped,  diverges  from  Ilears  Den  Hillock  to  the  southeast.  The 
interruption  in  the  morainic  tojKDgraphy  represented  by  *'Sand 
IVairie"  and  the  terraced  region  in  eastern  Bear  Creek  township  is 
referred  to  under  the  history  of  the  Sheyenne  river. 

The  crest  of  the  Fergus  Falls  moraine  is  represented  by  a  main 
ridge  extending  from  Noltimeier  to  Thordenskjold  township 
through  the  central  part  of  the  western  half  of  the  morainic  belt. 
It  forms  also  the  divide  l)etween  the  Sheyenne  and  Maple  rivers. 
The  ridge  is  continuous  through  a  distance  of  nine  miles  in  Norman 
and  Cuba  townships  and  its  summit,  a  mile  in  width,  presents  a 
gently  undulating  t<>])ography  with  slight  relief.  In  Aha  and  Nolti- 
meier townships  the  crc-^t  is  iiarr<>\v  and  inti-rrnpted  by  deep  sags, 
and  hills  with  an  altitude  t)f  twenty  to  sixty  feet.  Southward 
from  northeastern  Tlionleiiskjold  town^hjj)  the  erodinir  waters  of 
the  glacial  Sheyenne  river  where  it  crossed  the  moraine  have  left 
no  traceable  crest.  Three  enlminating  ])Miit<.  however,  stand  C)ut  in 
relief  and  mark  the  e'>nr>e  of  ilie  moraine  in  t]ii<  rei^^ioii,  viz.,  I'l) 
Standing  Rock,  a  e<»ii^|.irn' -ii-  elevali<»n  in  >t\'i:-»n  •',.  j'rr^t'in  town- 
ship; (2)  a  sharp  drifi  rid-e  a  mile  in  leni^ih  in  -einion  ol.  JVeston 
township,  and    (o)    T.ears   Den  llilluck  in  l-nrl    Ransom  township. 


•Upham,  Warri-n.  Tlu-  (llacial  I.aki  Ajj.i--iiz.  Mr-n.  x\v.  I'.  S    (i.  .<.,  ji.  \A'.\. 
Survey— 3 
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The  last  is  the  highest  point  of  the  continental  divide  on  the  quad- 
rangle. 

The  outer  face  of  the  moraine  is  fairlv  well  defined  from 
Xoltiineier  township  to  the  south  part  of  Cuba  township  by  the 
wide  billowy  toj)ography  and  san3y  structure  of  the  Lanona  plain. 
From  Cuba  township  to  the  village  of  Oakville  it  terminates  abruptly 
against  the  bluff  of  the  Shcyenne  valley  and  its  heading  coulees. 
Southward  from  section  2G,  Oakville  township,  through  a  distance 
of  five  miles  the  level  plain  of  Sand  Prairie  replaces  the  western 
slope  of  the  moraine.  In  Fort  Ransom  township  the  western  slope 
merges  into  an  outwash  plain  of  sand  and  gravel  declining  gently 
to  the  drainage  of  J>ears  Den  Hillock  creek,  one-half  mile  west 
of  the  iK^rder  of  the  quadrangle. 

The  inner  face  of  the  moraine,  from  Noltimeier  township  to  one 
and  one-half  miles  west  of  the  village  of  Fingal,  presents  a  roughly 
rolling  surface,  the  hills  IxMug  closely  aggregated  and  rising  to  an 
altitude  of  ten  to  fifty  feet,  and  generally  grouped  into  ranges 
having  a  north-south  alignment.  Many  undrained  depressions  oc- 
cur en  this  northern  half  of  the  moraine. 

The  morainic  tract  in  southeastern  Oriska,  eastern  SpringA-ale 
and  northern  Binghampton  townships,  although  standing  in  close 
contimiity  with  the  topography  on  Alta  ridge,  is  to  be  correllated 
with  a  terminal  morainal  Ix'lt  extending  from  western  Oriska 
southeastward  through  central  Springvale,  Clinton  and  Pontiac  to 
eastern  Liberty  township.  In  the  northwestern  half  of  this  moraine 
where  it  diverges  from  the  Alia  ridge  to  the  southeast,  the  hills 
and  ridges  of  the  drift  have  an  altitude  of  fifteen  to  thirty  feet, 
are  closely  aggregated  ai]d  assume,  with  the  intervening  undrained 
depressions,  a  distinct  north-northwest  and  south-southeast  trend. 
A  drainage  channel  from  the  front  of  this  part  of  the  moraine 
originates  at  the  village  of  I'ingal,  southward  through  sections 
'2i),  oO  and  o'^y  l)inghanipton  townshij),  and  enters  a  branch  of  the 
Mai)le  river  in  section  .">,  Raritan  township.  The  southeastern  half 
-..f  the  ni'»raine,  tliat  portion  in  r>inghamptt)n,  Clinton  and  Pontiac 
tow^hips.  presents  a  nnich  less  rugged  ty])e  of  terminal  topography. 
Tlu'  swells  and  ridges  rise  with  gentle  slopes  to  an  altitude  of 
tucntv  fret  abovi-  the  inner  l)ordering  plain.  A  few  scattering 
rk\aiions  attain  allitndcN  of  twenty-tive  to  thirty-five  feet.  Prom- 
inent hills  with  r<>unded  contours  and  elongated  form,  showing  the 
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water  assorted  structure  of  kames,  are  in  this  portion  of  the  moraine 
closely  associated  with  drainage  channels. 

From  Fingal  southward  the  eastern  border  of  the  main  Fergus 
Falls  moraine  is  ill-defined.  The  whole  tract  broadens  out,  the 
hills  are  scattered  and  low,  ranging  from  ten  to  twenty  feet  in 
altitude,  and  separated  by  shallow  undrained  depressions  and 
patches  of.  low  till  plains.  Some  of  the  depressions  assume  the 
nature  of  steep  sided  pits  from  ten  to  thirty  feet  in  depth  and  from 
a  few  rods  to  nearly  a  mile  in  diameter.  Good  examples  of  such 
marked   depressions  are*  f(.)und  in  northeast  Preston   township. 

The  Fergus  Falls  moraine  as  here  described  is  untlerstood  to 
have  been  formed  as  a  conlinuons  series  of  deiK>sits  from  tlie  ice 
front  when  it  lay  along  the  sloj>es  and  crest  of  .\lta  ridge  and 
southward  to  IJears  Den  Hillock  in  1^'ort  Ransom  townshij).  While 
this  belt  of  morainic  topography  in  the  western  part  of  the  quad- 
rangle evidently  marks  one  continuous  marginal  deposit  of  the 
glacier,  the  drift  deposits  themselves  do  not  constitute  so  well  marked 
a  topographic  feature  that  its  boundaries  are  clearly  and  sharply 
defined.  The  exact  location  of  these  lines  is  in  a  measure  arbi- 
trary. , 

An  Alternative  Correlation. — -\n  alternative  correlation,  strongly 
suggested  by  topographic  relations  and  glacial  drainage,  would 
make  the  western  moraine  diverge  in  Thordenskjold  township  from 
its  southward  extension  as  above  described,  and  bend  awav  in  a 
broad  curve  to  the  southeast,  thus  including  the  morainic  belt  ex- 
tending through  ^^Foore,  Liberty,  Fuller  and  Casey  townships.  A 
part  of  the  moraine  extending  into  Shenford  townshii)  and  partly 
buried  by  the  Shcyenne  delta  dej^osits  is  referred  to  later.  From 
this  point  the  moraine  a{)pcars  to  curve  soiithwartl  and  thence  to 
continue  in  a  southeasterlv  direction. 

The  western  moraine  is  the  ])rincipal  terminal  moraine  of  the 
area  and  is  re^^'ardcd  as  the  somliern  cuntinuation  of  tlie  eighth 
or  Fergus  Falls  moraine  <»f  I'liham,  from  Alta  and  Xoltimeier 
town9hij)S  in  the  northeastern  ])art  <A  the  area.  Xnrtlnvard  from 
the  boundary  of  the  (piadrangle  the  l'"ergns  l-'alls  moraine  traverses 
the  townships  of  range  oT  west,  a  consideral)le  distance  beyond  the 
present  area. 

During  his  studies  on  glacial  Lake  Agassiz,  Mr.  Warren  LTpham 
traced  his  eighth  or  Fergus  Falls  moraine  southward  through  Ayr 
and  Buffalo  townships,  in  the  northeastern  part  of  the  quadrangle^ 
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into  the  northwestern  part  of  Howes  township,  thence  westward 
in  a  broad  curve  through  adjacent  parts  of  Hill,  Spring\'ale  and 
Binghampton  townships,  to  Cuba  township,  thence  northward 
through  Alta  and  Noltimeier  townships.* 

This  mapping  made  the  deposits  define  the  southern  end  of  a 
distinct  narrow  lobe  of  the  ancient  glacier,  while  the  moraine  in 
Xorman,  Thordenskjold,  Raritan,  PrCvSton,  Moore,  Liberty  and 
Casey  townships  was  not  mapped.  The  moraine  on  the  west  si<le 
of  the  Shcyennc  river  ih  Bear  Creek  and  Fort  Ransom  townships, 
here  regarded  as  the  Fergus  Falls  moraine,  was  by  Uphani  made 
to  diverge  thence  sharply  to  the  southeast  and  correlated  with  his 
seventh  or  Dovrc  moraine.  The  southern  course  of  the  Fergus 
Falls  moraine,  however,  as  traced  by  the  writer,  extends  south  from 
the  limits  of  the  Tower  quadrangle  through  the  townships  of  range 
oS  west. 
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LATE  GLACIAL  AND  POST-GLACIAL  DEPOSITS  OF  THE 

SIIEYEXXE  AND  MAPLE  RIX'ERS. 

By  Daxikl  E.  Willard  and  II.  \'.  Hibuard. 

(Hy  pcrnii.ision  (if  tlit"  I'.  S.  (ioologicnl  S\irvtr>.  • 


Terraces  and  J^cposits  of  SliryciDic  Kizrr. — The  Slic\cnnc  river  is 
bi.'rdcrod  by  tcraccs  al<.ing  much  of  its  course  Ihronorh  the  Tower 
i[iKiclrangIe.  (See  rii:^ure  O.)  The  first  aiul  liiii^licst  terrace  formed 
is  the  nearly  flat  Lanona  i)hiin,  which  borders  the  vallev  continiiouslv 
<>Ti  the  east,  through  adjacent  parts  or  Xokinieier,  X'alley  and  Alta 
townships  and  the  townships  immediately  to  the  south,  southward 
to  a  point  nine  miles  below  X'alley  City.  Farther  south  in  Oakville 
township  remnants  occur  on  either  side  of  the  river  represented  by 
characteristically  flat  topped  hills. 

This  highest  terrace  was  the  flood  plain  of  the  glacial  Sheyennc 
river  at  the  time  the  margin  of  the  ice  sheet  was  forming  the 
niorainal  deposit  on  the  Alta  ridge,  and  its  southward  continuation 
in  Preston,  Bear  Creek  and  Fort  Ransom  townships  and  south- 
ward beyond  the  present  ([uadrangle. 

This  terrace,  which  is  in  places  four  to  five  miles  in  width,  has 
been  slightly  dissected  by  subsequent  enjsion  by  the  tributaries  of 
the  present  stream,  but  through  most  of  its  extent  in  this  area  the 
original  surface  is  little  modifie«l.  The  highest  parts  of  the  Lanona 
plain  have  an  elevation  of  1,4*?0  feet  above  sea  level,  or  more 
than  ?00  feet  al.x">ve  the  ])resent  Slu'\enne  rivrr.  Certain  hills  ris- 
ing above  this  plain  were  >urr<)iiii(]ed  l)y  the  Vvalers  which  llooded 
the  i)lain. 

In  Oakville,  Hear  (/rrek  and  i'"rt  l\an^'!n  t'^wii-liip-^.  is  a  l.)road 
nearly  level  plain,  locally  known  as  Sand  I'rairir.  liic  <uri'acr  con- 
figuration, suiKTticial  ^tnictuTe  and  CMUip'.^ti- 'U  of  whicli  indicate 
th.at  it  has  been  c<»vi.'re<l  by  a  >!ial!ow  b-^'-ly  (•[  water.  In  sections 
'2  and  11,  Bear  Creek  t<)wnsh:]),  ilie  sand  plain  cxicnd^  1"  tlie  brink 
of  the  vallev  which  is  here  l.ion  feet  c'dvur  sea  level.  Some  hitrher 
portions  of  the  plain  have  an  elevation  of  1,1'in  feet.  Sand  and 
gravel  are  reported  in  well  diggings  at  depths  of  six  to  forty  feet. 
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The  sharply  trenched  modern  coulees  of  the  Sheyenne  river,  in 
sections  35,  Oakville,  and  2,  Bear  Creek  townships,  expose  a  con- 
tinuous line  of  contact  where  sand  and  gravel  beds,  aggregating 
forty  feet  in  thickness,  arc  seen  to  rest  upon  glacial  till.  From  well 
borings  in  the  same  and  adjoining  sections  immediately  west  strati- 
fied gravel  and  sand  overlie  the  till  to  a  depth  of  fifteen  to  forty  feet. 

From  these  and  similar  data  collected  in  the  vicinity  it  appears 
that  a  deep  sag  in  the  underlying  till  plain  extends  from  section 
2,  Bear  Creek,  west  by  south  through  a  distance  of  perhaps  three 
miles.  This  depression  was  doubtless  eroded  by  the  w-^ters  of  the 
upper  Sheyenne  at  the  Lanona  stage  when  the  glacial  drainage  es- 
caped by  w^ay  of  Bears  Den  Hillock  creek.  Later  this  channel  was 
silted  up  to  the  present  level  of  the  Sand  Prairie  plain  with  the 
stratified  deposits  above  referred  to. 

To  the  southward  Sand  Prairie  merges  into  the  broad  bottom  of 
the  valley  of  Bears  Den  Hillock  creek,  by  which  it  is  connected 
with  the  plain  of  the  bottom  of  glacial  Lake  Dakota.  It  reaches 
a  width  of  about  five  miles  in  Oakville  township,  and  has  an  aver- 
age width  of  about  three  miles. 

A  second  terrace,  or  ancient  flood  plain  of  the  Sheyenne  river, 
is  represented  by  a  flat  plain  which  borders  the  valley  on  the  west 
in  adjacent  parts  of  Bear  Creek  and  Preston  townships.  This  ter- 
race, which  has  an  elevation  of  1,'.^80  feet  above  sea  level,  or  ap- 
proximately 200  feet  above  the  present  stream,  and  an  area  of 
about  four  square  miles,  was  formed  after  the  ice  front  began  its 
recession  from  the  moraine  on  the  west,  and  therefore  marks  a 
later  stage  of  the. river  than  that  represented  by  the  Sand  Prairie 
and  Bears  Den  Hillock  creek  channel.  A  well  defined  channel 
traverses  this  terrace  from  north  to  south  through  sections  12,  13 
and  23,  Iiear  Creek  township.  In  section  2G  and  35,  Bear  Creek, 
this  cliannel  has  been  much  deepened  and  broadened  by  the  later 
erosion  of  a  deep  coulee,  but  beynnd  this,  in  section  35,  Bear  Creek, 
and  section  2  and  H,  Fort  Ransom  townships,  the  ancient  channel 
may  be  traced  as  a  distinct  trough-like  depression  high  up  on  the 
sleep  side  of  llic  ])resent  wSlieyenne  valley,  180  feet  above  the  present 
stream,  l^elow  I'ort  Ransom  the  present  valley  of  the  Sheyenne 
swings  to  the  eastward,  but  the  old  channel  continues  southward 
in  sections  1  1  and  15,  I'ort  Ransom,  and  southw-ard  bevond  the 
area  under  Cinsideration.  This  channel,  here  a  broad  and  well- 
defined  valley,  called  River  Ransom,  extends  soutlnvard  close  upon 
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(d)     AN    OUTLIER    OF    SHALE.    WEST    BANK    OF    SHEYENNE    VALLEY. 

of  an  old  floodplain   (lerrecc);   tbe  channel  of  th< 
r  Saodpliin  <th«  loweit  imt»«). 
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the  eastern  side  of  the  moraine  in  range  58  west,  ami  broadens  out 
twenty  miles  south  of  this  quadrangle  upon  the  gently  undulating 
plain  of  the  bottom  of  a  ancient  lake  in  Sargent  county  known 
as  glacial  Lake  Sargent. 

I'elow  the  terrace  just  described  is  anotlicr  at  considerably  lower 
level  which  is  crossed  bv  a  channel  from  section  12,  Bear  Creek 
township,  through  sections  18  and  19,  Preston  township.  The  bot- 
tom of  this  channel  is  below  the  l,3()0-foot  contour  and  therefore 
twenty  fett  below  the  channel  just  described.  It  is  probably  rep- 
resented farther  north  by  traces  on  the  valley  slope  in  section  3G, 
Oakville  toAvnship,  and  by  a  slightly  higher  terrace  in  section  25 
of  the  same  township. 

Below  Fort  RansiMii  remnants  of  terraces  border  the  valley  at 
intervals  at  successively  lower  levels,  the  descent  being  more  rapid 
than  the  fall  in  the  present  stream,  so  that  where  the  stream  enters 
the  basin  of  glacial  Lake  Agassiz  the  ancient  Hood  plain  reaches 
the  level  of  the  Sheyenne  delta. 

Other  remnants  of  terraces  at  relatively  lower  levels,  for  example, 
two  in  sections  18,  19  and  .'50,  Preston  township,  and  in  the  vicin- 
ity of  Valley  City,  represent  later  stages  in  the  development  of  the 

vallev. 

•' 

At  Valley  City,  near  the  point  of  entrance  of  the  river  upon  the 
quadrangle,  the  river  makes  a  sharp  turn  from  a  direction  nearly 
southeast  to  west-south-west.  On  the  inside  of  this  curve  an  im- 
n:ense  deposit  of  flood-plain  scrool  of  gravel  was  formed.  This 
is  one  of  the  most  extensive  deposits  of  gravel  in  the  whole  course 
of  the  valley  upon  the  present  quadrangle.  It  is  marked  by 
several  benches  or  terraces  representing  stages  in  the  development 
of  the  river  valley.  The  principal  one  of  these  terraces  is  about 
fifty  feet  above  the  alluvial  plain  that  Ix^rders  the  river.  The 
Northern  Pacific  Railway  Company  has  made  extensive  use  of 
this  gravel  depnsit  as  Ijallast  fnr  the  roadbed,  thus  mndifying  the 
original  form  of  the  terrace.  A  part  of  the  city  is  built  uj^on  the 
sloping  surface  <^f  the  terrace  and  this  j)<)rti<in  still  j)reserves  its 
original  form. 

Sections  a  mile  in  len.^tli  have  been  cut  through  the  depc^^it  and 
these  show  it  to  be  conijiosed  of  stratified  ami  er<)<s-l.>el<led  gravel, 
sand  and  cobble  stf)nes  <l()wiiWc';rd  a}i])r<)\iniately  to  the  level  of 
the  alluvial  plain.  The  grer.ter  pan  r,i  tlie  dej)-.isit  consists  of  rather 
coarse  gravel,  but  some  interbedded  sand  occurs.     Rarely  boulders 
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are  fouixl.  A  thin  soil,  barely  sufficient  to  sustain  a  scattering 
growth  of  grasses,  covers  most  of  the  surface  of  the  terrace. 

Another  finely  develoi^ed  terrace,  comparable  in  height  to  the 
one  just  described,  laps  around  and  below  the  point  of  the  bluff 
immediately  south  of  Valley  City,  extending  almost  to  the  east 
hank  of  the  river  where  the  stream  makes  the  wide  detour  to  the 
westward. 

The  broad  bottom  of  the  valley  is  covered  with  alluvium,  the 
later  floodplain  deposits  of  the  river  while  it  yet  received  the  drain- 
age from  the  melting  ice  sheet  and  deposits  formed  during  the 
present  stage  of  the  stream.  The  thickness  of  these  deposits  varies 
from  four  to  twelve  feet,  as  shown  bv  wells  and  other  natural  and 
artificial  excavations.  Through  this  deposit  the  stream  now 
nicanders  in  a  channel  about  twelve  feet  in  depth.  At  some  points 
the  stream  has  cut  away  the  alluvium  and  exposed  the  underlying 
shale.  In  many  places  beds  of  coarse  gravel  underlie  tTie  finer 
materials  and  where  such  deposits  are  encountered  the  bed  of  the 
stream  is  markcxl  by  slight  rapids. 

Many  abandoned  and  silted  up  segments  of  channels  persist  in 
the  tilled  fields  of  the  lowest  terrace  or  floodplain.  They  usually 
present  the  form  of  ox-l)Ows,  and  apparently  when  occupied  by  the 
stream  were  not  essentially  different  from  the  present  channel  above 
which  they  lie  at  a  height  of  eight  to  twenty  feet.  In  the  west 
half  of  section  17,  and  the  east  half  of  section  IS,  Preston  tov/n- 
shij),  are  tlirce  concentric  successively  abandoned  channels,  all 
articulated  with  a  sharp  cunformable  bend  in  the  present  stream. 
The  outer  one  of  these  throe  ox-huws  traverses  about  three-fourths 
of  tiH'  terrace  between  th.e  bhilTs.  It  lies  about  fifteen  feet  above 
the  j)rosent  river.  At  the  uj;|)er  and  lower  limits  of  such  silted  up 
reaches  fjf  the  valley  the  recent  stream  is  sinking  its  channel  into 
new   material,  llie   beils  of  Cretaceous   shale. 

Tliese  as])ects  of  the  river  and  its  lowest  terrace  indicate  that 
an  earlier  streani,  with  tortucMis  windings  and  heavily  burdened. 
'.lej)'siir'il  its  1  ad  along  the  bottoni  e»f  the  valley  in  the  form  of  a 
\\i'!e  il'>M(l|)!ain  wliii'h  ih.e  n^Mlorn  river  has  carved  into  terraces 
and   :>  now  ^tfa'.lily  rein-.vini;. 

Tile  ie\ir.^"e  "f  llie  allii\iinn  from  fine  silt  to  coarse  sand  and 
-ra'-.  ••  i  NNell  -iraiitie.!  in  all  iis  cNposnres.  'J1ie  preponderating  con- 
.-r'r.^i''.-  are  -an-l  ard  ^ili,  ihe  ]att<r  dark  in  color,  due  to  the 
a— •./ia.ii.'i   <:r^aii:i:  mailer,     'j'hc  '-rL^^anic  matter  together  with  the 
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bitter  salts  from  the  shales,  render  the  water  of  many  wells  on  the 
river  bottom  lands  unfit  for  use. 

Tlic  Shcycnne  Delta. — A  tract  of  about  twenty-five  square  miles 
of  the  deposits  of  glacial  Lake  Agassiz  occupies  the  southeast  por- 
tion of  tliis  area. 

The  shore  line  of  Lake  Agassiz  enters  the  quadrangle  in  sec- 
tion i,  Highland  township,  passing  thence  southward  to  section 
L'»,  Casey  township.  The  margin  of  llic  delta  formation  in  High- 
land township,  through  a  distance  of  five  miles,  is  marked  by  a 
prominent  ridge  of  irregularly  stratified  sand  and  gravel,  the  Her- 
man beach  or  barrier.  Southward  through  Sheldon  and  Casey 
townships  the  beach  ridge  is  not  well  developed,  the  littoral  deposits 
consisting  of  broad  sheets  of  sand  overlying  the  till.  Northward 
from  section  1,  Highland  township,  through  the  marginal  tier  of 
sections  to  section  '^1,  Ht)wes  township,  the  gently  undulating 
topography  and  superficial  structure  indicate  slight  wave  action  and 
the  presence-  of  embayments  of  quiet  waters  outside,  or  west,  of 
tlie  Herman  barrier  beach  during  its  occupancy  by  the  lake  waters. 
The  altitude  of  the  shore  line  through  this  quadrangle  is  approxi- 
mate! v  l,08r)  feet. 

The  surface  of  sections  4,  5,  8,  0,  IG,  17  and  20,  Highland  town- 
ship, is  fiat.  Throughout  the  remaining  portion  of  the  delta,  except 
where  deeply  trenched  by  the  Sheyenne  and  ^laple  rivers,  the  to- 
[:ography  is  very  gently  undulating.  Slight  ridges  of  dune  sand 
occur  in  sections  17  and  20,  Sheldon  township. 

The  delta  deposits  vary  in  thickness  from  a  few  inches  to  sixty 
feet.  In  the  southeast  corner  of  the  area  the  Shevenne  vallev,  here 
one-half  mile  wide  and  about  fifty  feet  dec]),  is  snnk  into  till  or 
unny>dified  drift.  The  bottom  <U*  the  valley  is  tilled  to  a  depth  of 
ten  feet  with  an  alluvium  of  gravul  an-l  silt. 

In  Shenforil  and  tin-  a<li'n'ning  ]\:ix\^  (»i  Ca^cy.  LiluTty  and  Shel- 
don townships,  glacial  drift  is  rxix^sed  in  many  jilacc^  a-  tlie  sur- 
face. The  delta  <lep"^iis  iiuTcly  till  iU-]>rf<.-i( 'tis  !)(.■{  ween  moraim'c 
hills.  The  toi)ograj)h\  and  <irurtnre  ot"  this  ]iart  «>f  the  »lclta  plain 
is  n:arkedlv  ditU-rcTit  I'p'm  lh;it  t<>  the  iktiIi  in  IliHdand  and 
Sheldon  townshi])s.  Tlu-  iU'\aii<'ns  :\\'c  P'niide-1  knchs  an.d  rid.gos 
with  boulderv  till  exposed  "U  the  cre>t>  and  llankerl  bv  w^ater  <le- 
posited  sand  and  gravel.  Xumemns  dei)re-^sions  bordered  by  sloj)es 
steeper  than  would  be  expected  in  such  situations,  lie  among  the 
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hills  and  ridges.    Till  is  exposed  along  the  sides  of  these  pits,  and 
their  bottoms  ar^  built  up  with  sand  and  silt. 

From  these  appearances  it  seems  reasonable  to  conclude  that  a 
portion  of  a  moraine  provisionally  correlated  with  the  tract  ex- 
tending northwest  to  Thordenskjold  township  has  in  this  region 
been  inundated  by  the  waters  of  Lake  Agassiz.  The  morainic 
hills  have  been  subdued  and  the  intervening  depressions  partly 
filled  by  the  waves  and  currents  of  the  shallow  waters  covering  the 
delta.  \Vt\\  borings  on  section  IT,  Sheldon  township,  penetrate 
twenty  feet  of  stratified  sand  and  reach  stony  clay  beneath.  A 
well  in  the  bottom  of  ]\Taple  valley,  section  31,  Highland,  is  dug 
through  sixteen  feet  of  gravel  to  blue  clay. 

Terraces  mid  Deposits  of  Maple  River. — The  valleys  of  the  ^^aple 
river  and  its  tributaries,  within  the  Tower  quadrangle,  bear  e\^- 
dence  of  having  been  once  occupied  by  streams  much  larger  than 
the  present  small  intermittent  creeks.  Extensive  gravel  deposits 
lie  in  the  valleys,  and  well  defined  terraces  occur  at  several  places 
above  the  point  in  southwestern  Highland  township  where  the 
stream  enters  the  basin  of  glacial  Lake  Agassiz.  Good  exposures 
of  stratified  gravel  were  observed  at  intervals  in  the  main  valley 
as  far  north  as  ^scction  3,  Clinton  township.  In  section  15,  Clinton 
township,  a  terrace  which  stands  about  ten  feet  above  the  bottom 
of  the  valley  has  a  width  of  forty  rods.  One  in  section  22  is  about 
thirty  rods  wide,  and  one  in  section  33  has  a  width  of  sixty  rods. 
A  well  on  a  terrace  in  section  28,  of  the  same  township,  penetrated 
eighteen  feet  of  sand  and  gravel.  In  section  31,  Clinton  township, 
a  terrace  of  shaly  gravel  occurs  in  a  tributary  valley.  Below 
the  junction  of  this  branch  with  the  main  channel  several  goo<l 
exposures  of  stratified  gravel  occur  in  terraces.  Often  a  layer  of 
alluvial  soil  a  foot  or  two  in  thickness  covers  the  terraces,  but  wells 
almost  invariabl}'  show  gravel  and  sand  below.  Sometimes,  how- 
ever, wells  or  other  excavations  on  a  terrace  reveal  clay  material, 
probably  till,  showing  the  terrace  to  be  one  of  erosion. 

The  city  of  Iindcrlin  is  built  upon  a  gravelly  plain  which  is 
al>c»ut  fifteen  feet  higher  than  the  l>^jltoms,  or  alluvial  flat  along  the 
pr^^scnt  channel  of  the  river.  Alx.^ut  ten  feet  higher  than  the  plain 
on  wliich  the  city  stands  are  other  well  defined  gravel  terraces,  and 
the  sides  oi  the  valley  show  ]X)ckcts  and  shoulders  of  stratified 
sand  and  gravel  at  a  level  of  thirtv  feet  above  the  terraces. 
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PLATE  VIL 
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(a)     SECTION    OF    SHEYENNE' VALLEY,    13    MILES    BELOW    VALLEY    CITY. 


(b)     SECTION    OF    SHEYENNE    VALLEY    AT    "THE    JAWS." 
Section    36,    Bear    Creek    township,    25    miles    below    Valley    City. 
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(c)     SECTION    OF    SHEYENNE    VALLEY    ABOVE    \AS»^OYl, 
The  cut-off  passes  west  of  Lisbon  about  %  td\\«». 
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In  section  31,  Highland  township,  and  section  1,  Liberty,  the 
Maj)le  river  broadens  its  valley  to  a  \vi<lth  of  half  a  mile  as  it 
reaches  the  ancient  delta  i)lain  of  the  Sheyenne.  The  highest  or 
Herman  shore  of  I^ke  A|^assiz  was  probably  near  the  western  line 
of  section  32.  Highland  township,  though  no  beach  is  now  traceable. 
Here  till  is  ex]>i>sed  in  the  sides  of  the  valley,  the  channel  having 
been  eroded  below  the  lake  deposits,  but  not  so  far  as  to  reach 
the  subjacent  stratified  shales. 
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PRE-QUATERNARY  EVENTS. 

Inasmuch  as  the  only  rock  formations  earlier  than  the  glacial 
drift  which  are  either  exposed  within  the  Tower  quadrangle  (see 
figure  O)  or  encountered  in  drilling  deep  wells,  are  the  shales  and  . 
sand  of  the  Cretaceous  system,  records  of  the  earlfest  geologic 
events  occurring  here  are  not  available.  During  later  Mesozoic  and 
Caenozoic  times  generally  uniform  conditions  appear  to  have  pre- 
vailed throughout  the  whole  surrounding  region,  so  that  some  in- 
ferences may  be  drawn  from  other  areas.  Wells  at  Fargo,  thirty 
or  forty  miles  east  of  this  area,  encountered  granite  at  depths  of 
r300  to  J 00  feet,  immediately  below  the  Cretaceous  shales  and 
sand,  €0  that  it  is  probable  that  for  a  long  time  prior  to  the  incur- 
sion of  the  Cretaceous  seas,  land  stretched  far  away  to  the  east- 
ward, and  not  improbably  this  land  area  included  the  Tower  quad- 
ran.ij^le.    Its  western  limits  are  not  known. 

During  the  latter  half  of  the  Cretaceous  period  the  waters  of 
a  sea  reached  across  what  is  now  the  region  of  the  Great  Plains 
and  tlie  Rocky  mountains  as  far  west  as  the  Wasatch  range  and 
extended  from  the  Gulf  of  Mexico  to  the  Arctic  ocean.     The  in- 
cursion of  the  sea  over  this  area  was  due  to  the  relative  sinking  of 
the  land.     As  the  land  slowly  sank  the  waters  advanced  and  the 
waves  and  currents  washetl  and  sorted  the  sediments  brought  down 
l)y  ihe  streams.     The  coarser  sands  and   gravels  were   left   near 
the  slinre,  while  the  finer  silts  were  widely  distributed  over  the  sea 
l)'>tt<)ni.     /\s  the   sea   i^radually  deepened  and  the  shore  line   ad- 
vaiuefl  tlie  sili>  C"vere-l  nn  the  sands.     The  sands  were  cemented 
ti'Liellur  a<  saiul-tnne  and  the  ^ills  were  comi>acted     into     shales. 
\ar\inLr  cndil"'' -iw  eaiised  ni'Tc  nr  less  commingling  and  interbed- 
'li'iL,^  of  s:in(l  with  silt^.  Si>  thai:  freqnent  beds  of  sand  or  sandstone 
a;:.l  ..f  aieiiare. -n-  >liale-  are  ww  enc'.-nntered  in  drilling  into  the 
aiioii  \]\   dejj«'<il-. 
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During  the  deposition  of  the  Colorado  and  Pierre  shales,  marine 
c<:Jnditions  prevailed  and  the  region  was  still  further  submerged  until 
the  shore  line  had  been  moved  probably  as  far  eastward  as  central 
Minnesota  and  Iowa. 

The  long  duration  of  these  epochs  is  indicated  by  the  thick 
deposits  of  fine  sediments  which  accumulated.  At  the  close  of  the 
Cretaceous  period  the  land  permanently  emerged  and  the  sea  never 
again  covered  the  interior  of  the  continent.  Farther  west  large 
areas  covered  by  fluviatile  or  lacustrinp  tertiary  sediments,  but  no 
deposits  formed  during  Tertiary  time  are  found  in  this  part  of  the 
state. 

Probably  during  the  Tertiary  period  the  climate  was  much  more 
warm  and  moist  than  now,  so  ibal  the  region  abounded  in  animal 
and  vegetable  life.  It  is  thnuo-lit  that  during  the  latter  part  of  the 
Tertiary  period  a  large  stream  flowed  southward  somewhere  near 
the  present  position  of  the  Jame*;  river.  Doubtless  tributaries  of 
this  or  other  streams  drained  the  Tower  (piadrangle,  cutting  rapidly 
into  the  soft  beds  of  shale  and  sculpturing  the  land  surface  into  hills 
iind  valleys. 

To  the  east  was  developed  the  broad  ancient  valley  now  traversed 
by  the  Red  River  of  the  North.  The  rapid  westward  rise  of  the 
present  land  surface  in  the  western  part  of  the  Casselton  quad- 
rangle marks  the  location  of  the  western  slope  of  this  great  valley. 
This  slope,  formed  by  the  cut-off  edges  of  the  Cretaceous  strata, 
lias  been  called  the  Manitoba  escarpment.  Within  the  area  under 
<liscussion  this  escarpment  is  so  mantled  with  drift  that  no  ex- 
j)osure  of  the  shale  occurs,  though  the  character  of  the  underlying 
rock  is  revealed  by  well  borings. 

The  Alta  ridge  is  a  broad,  drift-mantled,  preglacial  ridge,  ex- 
tending two-thirds  of  the  length  of  the  quadrangle.  It  was  prob- 
ably fashioned  by  erosion  during  late  Tertiary  time.  Whatever 
river  valleys  may  have  existel  ujxmi  the  ancient  land  surface  within 
the  area  under  consideratit.'u  were  new  hidden  by  tlie  thick  mantle 
of  drift. 

<_)!'  \  ii:kx.\kv  r.\  i:n  is. 

PIcisfocciic  (ihh'idlii.'JK — 'Idle  '»|icning  nf  the  (Juaternarv  ];eriod 
was  marked  by  a  chaiigt-  in  climaiie  C'»iiditi<.>ns  such  that  during 
the  colder  seasons  snow  fell  in  large  amounts  over  a  large  part  of 
northern  North  America.     So  great  were  these  snow  falls  and  so 
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meager,  comparatively  speaking,  were  the  opportunities  for  tlieir 
melting  during  milder  seasons,  that  vast  amounts  accumulated  over 
an  area  millions  of  square  miles  in  extent.  These  conditions  gave 
rise  to  the  development  of  vast  ice  sheets  comparable  in  character 
to  the  [)resent  ice  cap  of  Greenland,  but  greater  in  extent.  There 
apear  to  have  been  two  centers  of  this  accumulation,  one  in  Labr?.- 
dor  and  one  west  of  Hudson  Bay.  From  these  centers  the  ice 
moved  out  in  radial  directions  with  a  movement  such  as  is  now 
observed  in  the  mountain  glaciers  of  various  parts  of  the  earth. 
The  spreading  of  the  ice  sheet  from  these  centers  caused  their 
coalescence,  so  that  during  the  stage  of  their  greatest  extent  a 
vast  mcr  dc  glace  covered  the  whole  of  the  northern  part  of  the 
continent  southward  approximately  to  the  line  of  the  Ohio  and  Mis- 
souri rivers.  (Figure  3.)  At  this  stage  of  maximum  extension 
all  that  part  of  North  and  South  Dakota  lying  east  of  the  Missouri 
river  was  covered  by  this  ice  sheet,  w-hich  was  probably  hundreds 
and  perhaps  thousands  of  feet  in  thickness. 

As  has  already  been  indicated,  the  study  of  the  deposits  formed 
by  these  great  glaciers  shows  that  the  glaciation  of  northern  North 
America  was  not  confined  to  a  single  stage  of  growth  and  deca- 
dence of  the  ice  sheet.  It  appears  that  stages  when  the  climatic 
conditions  were  fa\x>rable  to  the  development  of  such  continental 
glaciers  alternated  with  milder  inter\'als  when  the  ice  sheets 
wasted  away,  until  large  tracts  previously  covered  w-ith  ice  were 
again  in  condition  for  the  return  of  animal  and  vegetable  life. 
During  these  intervals  soils  were  developed  and  new  river  systems 
sculptured  the  deposits  of  the  glacial  debris  left  spread  over  the 
land.  The  return  of  glacial  conditions  over  most  of  the  area  pre- 
viously glaciated  destroyed  many  of  the  newly  develop>ed  tojx)- 
graj)hic  features  and  buried  the  whole  in  a  new  deposit  of  drift. 

just  liow  many  successive  stages  of  glaciation  and  deglaciation 
marked  the  region  in  which  tlie  Tower  quadrangle  lies  is  not  cer- 
tainly known.     Some  evidences  of  an  interval  of  deglaciation  have 

been  ccnsiderc'l  elsewhere. 

During  tlie  Wisconsin  stage  of  glaciation  the  ice  sheet  in  this 
roL^ion  reached  an  extension  shown  in  figure  B.  Northeastern  Min- 
ne>oi:i  was  covered  l>y  tlie  I-ake  Superior  lobe  of  the  Wisconsin 
ice  .^hcct.  Sweeping  S(.)Uthwcstward  and  southward  about  the  west 
end  of  this  U^be  another  great  glacier  bifurcated  at  the  head  of 
tlie  C'otoau  des  Prairies  into  two  great  lobes,  one  of  which,  known 
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as  the  Minnesota  glacier,  passed  from  the  broad  ancient  valley  of 
the  Redi  River  of  the  North  southeastward  and  then  southward, 
traversing  western  and  southwestern  Minnesota  and  the  north  cen- 
tral part  of  Iowa  as  far  south  as  the  location  of  Des  Moiiics.  llic 
other  lobe,  known  as  the  Dakota  glacier,  moved  down  the  James 
river  valley  on  the  west  side  of  the  Coteau  dcs  Prairies  to  the  line 
of  the  ^Missouri  river,  spreading  out  on  the  west  to  and  ui)on 
the  Coteau  du  Missouri.  The  limits  of  these  glacial  lobes  are 
marked  by  the  Altamont  terminal  moraine.  The  Tower  quadrangle 
is  located  about  forty  miles  in  a  nortli-nortluvcsterlv  direction  from 
the  head  of  the  Coteau  des  Prairies,  where  the  ?^linnesota  and  Da- 
kota lobes  separated. 

The  history  of  the  advance  of  tlie  glaciers  of  tlie  Wisconsin  stage 
is  sketched  here  in  the  barest  outline.  Were  it  ];()ssil)le  to  learn 
tiiem  now,  doubtless  this  advance  would  be  shown  to  have  been 
attended  by  many  interesting  events.  As  it  is.  but  little  more  than 
the  fact  of  the  advance  is  known.  When  the  ice  meherl  away  the 
debris  borne  forward  in  its  mass  and  that  accumulated  at  its  base 
\yere  left  spread  over  the  surface  of  the  land  as  a  mantle  of  drift,  the 
bulk  of  which  constitutes  the  ground  moraine.  To  the  action  of  these 
glaciers  and  their  attendant  waters,  and  especially  to  the  deposi- 
tion of  the  drift,  is  due  in  large  measure  the  difference  between  that 
part  of  the  state  east  of  the  Missouri  river  and  the  lands  to  the 
w-est,  so  that  on  the  whole  the  glaciation  of  this  region  was  a  ben- 
eficial preparation  for  the  advent  of  civilized  man. 

Deglaciation  of  the  Region, — The  progress  of  the  final  melting  of 
the  ice  sheet  which  covered  this  region  was  marked  by  interv-als 
of  halt,  or  possibly  even  of  readvance,  as  climatic  conditions  varied 
from  time  to  time.  The  successive  positions  of  the  ice  front  dur- 
ing these  stages  (;f  halt  are  marked  by  marginal  accunuilations  of 
drift  constituting  more  or  less  definilely  ridged  terminal  m(.)raines. 
The  heaping  up  of  drift  in  re-entrants  on  the  ice  margin,  the  push- 
ing together  of  piles  of  debris,  and  the  UTie(|ual  settling  of  the  de- 
posits, due  in  i)art  to  the  l)urial  and  subse:|ueiit  melting  of  great 
masses  of  ice  from  the  disintegrating  glacier,  restilled  in  the  ridge  1, 
humpy  and  pitted  t«>po^raj)hy  characteristic  of  these  moraines. 

The  Dakota  glacial  lobe  which  occui)ied  the  Jrnnes  river  valley 
appears  to  have  melted  away  somewhat  more  ra])idly  than  the 
Minnesota  lobe,  so  that  the  retreating  ice  front  ap])roached  the 
Tower  quadrangle  from  a  westerly  direction.     The  first  marginal 
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dejxisit  within  this  area  indicating  a  check  in  the  progress  of  glacial 
wasting  is  the  moraine  stretching  across  the  western  part  of  the 
quadrangle  on  the  prcglacial  Alta  ridge.  The  trend  of  this  moraine 
shows  that  the  ice  front  was  retreating  in  a  direction  nearly  east- 
ward^  and  that  at  this  time  the  western  lobe  of  the  ice  sheet  had 
almost  if  not  quite  disappeared. 

At  length  another  increase  in  the  rate  of  wasting,  a  decrease  in 
the  rate  of  forward  movement  of  the  ice,  or  a  combination  of  both, 
ensued,  so  that  the  glacial  front  was  melted  back  from  this  terminal 
moraine. 

As  has  been  shown,  morainal  deposits,  largely  in  the  form  of 
disconnected  hills  and  ridges  of  stratified  drift,  are  scattered  over 
the  whole  area  of  the  ground  moraine  east  of  the  main  moraine. 
The  general  trend  of  their  axes  seems  to  indicate  a  gradual 
shifting  of  the  retreat  to  a  rnbre  northerly  direction,  i.  e.,  to  a 
direction  normal  to  the  prevailing  trend  of  these  features.  These 
character  and  distribution  of  these  deposits  suggests  a  general 
stagnation  or  disintegration  of  the  ice  sheet,  affording  opportunity 
for  the  assortment  and  localized  dejx^sition  of  the  drift  by  stream- 
lets on  and  near  the  melting  ice.  Many  of  these  hills  are  t\^icaT 
kamos  and  are  thought  to  have  been  deposited  by  streams  of  glacia 
waters  debouching  at  the  ice  front  in  re-entrant  angles  or  crevasse 


and  other  cavities  in  the  ice.    The  continued  melting  at  length  freer,    "i 
the  Tower  quadrangle  from  ice  and  in  due  time  the  whole  con 
tinental   ice   sheet  disappeared.     Recent  time   for  this   area  date        ^^ 
from  the  final  disappearance  of  the  glacier  and  of  the  waters  resultzi^W- 
ing  from  its  melting. 

History  of  the  Shcycnnc  River. — The  melting  of  so  vast  an  ac^    "' 
cunuilation  of  ice  resulted  in  great  floods  of  water  along  the  line     ^^5 
of  all  streams  leading  away  from  the  ice  front.     The  depositioi 
of  so  great  an  amount  of  glacial  debris  over  so  large  an  area  causec 
an  entire  rearrangement  of  the  drainage  system  of  the  glaciatec 
area.      (  )ld   valleys   were   iilled   \\\^  and   outflow  of   glacial  water         s 
established  new  stream^  which   wore  gradually  shifted  from  plac        ^ 
l<t  jilaee  as  tb.e   ice   tr<.>nts   changed   their  positions,  until  the  iina^fc-^ 
«li>aj)i)earaiice  <>t   the  i^lacial  Hoods  when  drainage  was  establishe 
al'M!!^:  |»re<ein.  lines.     This  shifting  of  ^drainage  lines  is  well  illu^=^ 
ir;il''<i  1)\    ilie  sireani^  of  the  area  under  discussion. 

\\ -rile  llie  ice   fr- .ni   sico.]  at  the  moraine  on  Alta  ridge  and  i^5 
.M.iitliwMril  contiimatiun  west  nf  the  river  in  Ransom  county,  glacia/ 
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waters  here  and  from  a  considerable  distance  to  the  northward  es- 
caped southward  along  the  western  front  of  the  moraine.  The 
present  Sheyenne  valley  not  then  having  been  excavated,  this  water 
followed  sags  in  the  surface  of  the  drift,  until  it  reached  the  James 
river  valley  by  way  of  Bears  Den  Hillock  creek.  Since  the  Shey- 
enne river  follows  in  a  general  way  the  course  taken  by  these 
waters  southward  to  Ransom  county,  this  glacial  stream  may  be 
conveniently  referred  to  as  the  glacial -Sheyenne  river.  The  flood- 
plain  of  this  stream  has  been  described  as  the  upper  terrace  bor- 
dering the  Sheyenne  valley.  In  the  northwestern  part  of  the 
quadrangle  this  is  the  Lanona  plain,  while  Sand  Prairie,  in 
southern  Oakvillc,  Uear  Crock  and  I^ort  Ransom  townships,  is  its 
continuation.  Between  these  tracts  all  but  slight  remnants  of  this 
ancient  lioodplain  have  been  cut  away  by  later  erosion. 

At  this  stage  we  may  picture  the  glacial  margin  as  resting  on 
the  ridge  of  debris  on  the  Alia  ridge,  its  surface  rising  at  fu'st 
rapidly,  then  more  gently,  stretching  away  to  the  east  and  north 
in  a  vast  iiier  dc  glace.  To  the  west  was  the  drift  ]3lain  recently 
exposed,  its  bare  surface  gradually  becoming  mantled  with  a  new 
growth  of  vegetation.  Near  the  glacial  front  was  the  broad  river 
flowing  southward  to  join  the  James  river,  its  waters  burdened 
with  sand  and  silt  brought  to  it  from  the  neighboring  slope  of  ice 
and  drift  by  innumerable  rivulets  of  glacial  waters. 

When  the  ice  front  was  melted  back  from  that  part  of  the 
moraine  in  Bear  Creek  and  Fort  Ransom  townships,  a  sag  in  the 
morainal  crest  allowed  the  waters  of  glacial  Sheyenne  river  to 
cross  to  the  east  side  of  the  ridge,  where  they  found  a  lower  outlet 
southward  across  the  l)road  tiat  terrace  described  as  occurring  in 
eastern  Bear  Creek  and  western  Preston  townslnps.  The  ancitMit 
channel,  known  as  River  Rans'Mn,  fnnncd  at  this  stage,  has  been 
traced  from  section  12,  Hear  Civck  townshij),  southward  across 
Fort  Ransom  townslii]>  and  beyond  ihe  b  )unds  of  this  area.  Con- 
tinuing southward  along  the  cast  side  of  the  moraine  twenty  miles 
the  stream  minified  it^  waters  with  those  of  glacial  Lake  Sargent. 

North  of  the  j)oint  where  it  cut  through  the,  moraine  the  cur- 
rent had  located  itself  aj)proxiniate]y  along  the  line  oi  the  present 
valley  and  began  cutting  downward.  The  bed  of  the  ancient  chan- 
nel in  eastern  Bear  Creek  townshij)  has  an  elevation  about  1,300  feet 
above  the  sea,  fifty  or  sixty  feet  lower  than  the  level  of  Sand 
Prairie,  its  earlier  floodplain.     The  terrace  in  section  25,  Oakville 
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township,  corresponds  in  elevation  with  this  ancient  channel  and 
may  represent  its  northward  continuation.  With  this  also  are 
perhaps  to  be  correlated  the  cols  or  notches  northeast  and  south- 
east of  \'alley  City,  which  are  marked  on  the  map  as  old  channels. 
With  the  deepening  of  the  valley  the  notching  of  its  lateral  slopes 
by  tributaries  began,  initiating  the  coulees  now  found. 

That  the  deep  valley  of  the  Sheyenne  is  in  its  main  features 
due  to  the  eroding  waters  escaping  from  the  wasting  ice  front 
as  it  lay  along  the  sunimit  of  Alta  ridge  is  evidenced  by  its  trib- 
utaries rising  from  the  eastern  slope  of  the  moraine,  deeply  trenched 
to  a  level  with  the  alluvial  plain,  and  showing  in  some  cases  an 
advanced  stage  in  the  development  of  terraces  and  river  flats. 
Where  the  river  departs  widely  from  the  moraine  the  valleys  are 
wide  and  have  developed  terraces  and  broad  river  flats.  Where 
the  moraine  stands  close  upon  the  shoulders  of  the  valley  the 
tributaries  are  short,  steeply  trenched  coulees.  Examples  of  the 
former  are  the  valleys  cut  into  the  Lanona  plain ;  of  the  latter  those 
in  the  vicinity  of  Daily  and  six  miles  to  the  northward. 

It  seems  likelv  that  bv  the  time  of  the  formation  of  the  moraine 
which  extends  from  western  Fuller  towns'hip  north  by  northwest 
through  eastern  Preston  and  Thordcnskjold  townships  the  river 
had  abandoned  the  channel  traced  southward  from  Fort  Ransom. 
as  the  .iTfeneral  land  surface  to  the  cast  is  as  low  as  the  bottom 
of  this  channel.  The  deep  tributary  channel  known  as  Madigan's 
coulee,  which  extends  from  section  9,  Spring  township,  northward 
to  the  moraine  in  eastern  Preston  township  was  the  principal 
avenue  of  drainage  from  this  portion  of  the  moraine  to  the  Shey- 
enne, which  now  followed  its  present  course  through  Spring  town- 
ship. 11^.e  broad  terrace  in  sections  11,  12  and  13,  Spring  town- 
ship, indicates  that  the  level  at  which  the  waters  ran  was  below 
that  of  the  River  Ransom. 

The  to])ography  in  Fuller  and  southern  Moore  townships  is  mo- 
rain  ic  in  character,  but  it  is  not  of  the  sharply  rolling  type  such 
ns  c  nimonly  characterizes  terminal  morainic  belts.  The  hills  are 
sn])cUie'l  in  form,  less  closely  set  than  those  of  the  morainic  dis- 
trJL'ts  to  the  n  'rth  and  west.  They  appear  to  be  a  type  of  hills 
such  ns  nii.i:,dit  be  tornicd  during  a  slow  recession  of  the  ice,  when 
tlir  icr  celiac  was  not  (juitc  stationary  but  slowly  receding.  Such 
condition  of  the  ice  front  would  have  been  sufficient  to  determine 
the  course  of  the  river  in  the  direction  of  the  line  of  the  ice  front. 


AGRICULTURAL  COLLEGE  SURVEY. 


(a)     SECTION    NEAR    HEAD    OF    GLACIAL    CHANNEL, 

Section  U,  Valky  township.     A.  B,  C,  coulm;  D,  E.  F,  H,  gravelly  teriucs.  boulder» 

(trewing  their  top*;  K,   M,   »dj»cent  prairie;  xy  repreients  the  floodplain  of  the  glacial 


(b)     SECTION    OF    GLACIAL    CHANNEL    ABOUT    iW    MILES    BELOW    <»). 


<^ 
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The  trend  of  the  moraines  to  the  south  beyond  the  present  area 
5  in  a  generally  south-southeasterly  direction. 

A  point  about  three  miles  above  the  bend  in  the  river  at  Fort 
Ransom,  in  section  3G,  Bear  Creek  township,  is  the  narrowest  and 
[lost  canyon-like  in  the  whole  extent  of  the  river  on  this  area,  and 
•robably  in  its  whole  length.  It  is  locally  known  as  the  Jaws. 
This  is  interpreted  to  be  tlie  place  where  the  river  crossed  the 
xial  part  of  the  moraine,  and  thus  is  explained  the  narrowing 
»f  the  valley  in  this  portion  of  its  course,  and  the  increase  in  the 
all  of  the  river's  bed  below.  The  valley  slopes  and  the  channels 
roded  in  the  alluvial  plain  show  a  larger  constituent  of  boulders 
n  this  narrower  portion  tlian  elsewhere  in  the  valley.  From  this 
ime  is  marked  the  shifting  to  the  eastward  of  the  divide  which 
low  separates  the  Gulf  drainage  and  that  to  Hudson  15ay. 

From  this  tinie  the  stream  followed  its  ])rcsent  course  to  the 
:oint  where  it  enters  the  basin  of  glacial  Lake  Agassiz,  alx)ut  ten 
niles  south  of  the  southeast  corner  of  the  Tower  quadrangle. 

Glacial  Lake  Aga-ssiz  is  the  name  given  to  the  body  of  water 
vhich  flooded  the  broad  basin  of  the  Red  River  of  the  North  as 
he  Minnesota  glacial  lobe  was  melted  back  to  the  northward.  As 
:he  ice  front  retreated  the  area  of  ponded  waters  was  extended 
jntil  they  encroached  on  the  southeastern  part  of  the  Tower  quad- 
-angle  in  the  townships  of  Highland,  Sheldon,  Shenford  and  Casey. 
Where  recognizable  in  Highland  township  the  elevation  of  the 
lighest  or  Herman  shore  line  of  this  glacial  lake  is  approximately 
1,085  feet  above  the  sea,  so  that  that  part  of  the  Sheyenne  river 
valley  within  the  Tower  quadrangle  may  have  been  eroded  to  its 
^resent  depth  while  yet  the  stream  discharged  its  waters  into  this 
ake.  The  n:atcrial  derived  from  the  erosion  of  this  valley,  to- 
:(ether  with  nmch  glacial  sand  and  silt  contributed  by  the  drainage 
from  the  meltinc::  glacier,  was  spread  out  u\n)u  the  lake  Ix.Htom  in 
:he  great  delta  dej;-. xit  t'>  which  rc-fcrcnce  has  already  beui  made. 

Glacial  Lake  Agassiz  discharged  by  the  way  ni  Lake  Traverse. 
Big  Stone  Lake  and  Miiiiu-sota  river  valley  until  the  glacial  front 
had  been  so  far  nielte<l  hack  that  a  lower  outlrt  to  Ilu-lson  bav 
^vas  opened.  During  this  time  the  water  sank  to  lower  and  lower 
evels,  with  the  cutting  down  i^i  the  southern  outlet,  and  with  the 
owering  of  the  lake  the  Sheyenne  river  was  extended  across  its 
lelta  deposit  to  the  retreating  shore  line.  In  this  way  the  stream 
"cached  the  southeast  corner  of  the  area  under  discussion,  where 


36  GEOLOGIC  HISTORY  OF  THE  TOWER  QUADRANGLE 

it  now  flows  through  a  sharply  cut  valley  about  fifty  feet  in  depth, 
eroded  in  its  early  delta  deposits  and  subjacent  till.  With  the  final 
d4sappcarance  of  glacial  Lake  Agassiz  the  stream  became  tribu- 
tary to  the  Red  River  of  the  North. 

The  erosion  of  the  Sheycnne  valley  was  practically  completed 
before  that  of  the  tributary  valleys,  and  probably  while  yet  it  re- 
ceived the  drainage  from  the  melting  ice  in  this  area  and  to  the 
northward.     This  is  shown  bv  the  occurrence  of  alluvial  fans  or 
aprons  of  gravelly  material  sloping  from  the  mouths  of  the  tributary 
valleys  toward  the  axis  of  tlie  main  valley,  which  deposits  have 
been  dissected  by  the  streams  now  flowing  in  the  valleys.     Thi^ 
material   was   derived   from  the  erosion  of  the  coulees  and  pos- 
sibly direct  from  the  drift  at  the  melting  ice  front.     As  the  deep- 
ening of  the  valleys  continued  the  streams  cut  through  the  de- 
posits i)reviously  made.     Generally  these  valleys  are  much  out  <^^ 
prcj)ortion  to  the  rivulets  which  now  flow  through  them. 

History  of  Maple  River. — Maple  River  has  a  history  somewh::^^^ 
similar  to  that  of  the  Sheyenne  in  its  relations  to  the  shifting  crr>i 
the  ice  margins.     Extending  from  a  point  northwest  of  the  v5-  ^' 
lage  of  L'ingal  in  a  southeasterly  direction  to  the  southwest  corn^^^ 


of  Pontiac  township  is  a  channel  in  whose  bottom  and  banks  grav    -^' 
is  exjx)sed.     In   section   2('>,   Raritan  township,   a  similar  chann  -    ^^ 
joins  this  from  the  west.     Otiier  channels  lead  from  these  to  thr     ^^ 
chnnncl   in   Mot:)re  townshij),   now   occupied   intermittently   by  tlr:^ 
south  branch  of  the  ]\laj)le  river.     This  latter  channel,  though  tra^ 
(tslhI  by  very  little  water  cxcci)t  in  the  spring  season,  is  w-ell  d( 
lined,  with  abrui)t  slopes  thirty  to-  forty  feet  high  in  northern  Mooi 
township  and   Iiflccn   to  thirty   feet  high   in  southern   Moore  an 
J-'ulkT  townships.      It   is  continuous  from  the  village  of  Enderli" 
to   section    •?<>,    luilkr   township,    where    it   reaches   the    Sheyenn 
valley  as  a  hanging  valley  about  seventy-five  feet  above  the  presen       ^ 
strenni.     At  present  but  one  or  two  miles  of  this  channel  drain   -^ 
tf>  the   Slievcnne  river.     Thnmcrhout  much  of  its  extent  the  hot   ^ 
t(»ni   is   fme   level   meadow,  the   divide  being  imp>€rceptible   to  th^^ 
naked  eye.     These  cl:annels  aj^pcar  not  to  be  due  to  recent  erosiort . 
;'nd  their  existence  leads  to  the  inference  that  they  were  former/ 
l-.v    tie   (li>rharc:e   <>f   i^lacial   waters  to  the   Shevenne  river  while 
Net   the   ;:::lacier  extenJerl   west  of  the  present  main  valley  of  the 
?.!ai)le  river. 
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The  low  channels  in  Raritan  township  and  the  course  thence 
to  the  Sheyenne  river  may  represent  the  first  two  stages  in  the 
development  of  the  Maple  river.  A  third  may  be  represented  by 
a  discharge  southeastward  by  way  of  the  valley  heading  in  east- 
ern Binghampton,  through  Pontiac  township  to  Enderlin,  and 
thence  by  the  valley  of  the  south  branch  to  the  Sheyenne  river. 
A  fourth  stage,  still  discharging  to  the  Sheyenne,  marked  the 
opening  of  the  main  channel  and  upper  tributaries  to  the  vicinity 
of  Tower  City.  A  fifth  stage  resulted  when  the  ice  still  further 
receded,  opening  the  channel  cast  of  Flnderlin.  The  waters  of 
glacial  I^ke  Agassiz  encroached  upon  the  quadrangle  and  the 
stream  discharged  into  this  lake.  This  resulted  in  a  reversal  of 
the  drainage  in  the  valley  of  the  south  branch  and  the  abandon- 
ment of  the  outlet  bv  this  channel  to  the  Siicvonne  river.  Prob- 
ably  as  long  as  tlie  ice  front  stO(xl  near  its  head  while  the  stream 
was  discharging  into  the  lake,  contributions  of  glacial  serlinients 
were  made  to  the  great  delta  of  the  Sheyenne  river,  but  when  the 
ice  entirely  disappeared  from  the  region  and  the  lake  was  lowered 
by  the  cutting  down  of  its  outlet,  this  stream  also  was  extended 
across  the  delta  to  the  retreating  shore  line,  and  its  channel  in  the 
delta  deposits  was  eroded.  The  stream  now  joins  the  Sheyenne 
river  northwest  of  Fargo,  thirty  miles  east  of  Buffalo. 


NOTES  OX  THE  WATER  SUPPLY  OF  A  PORTION  OF 
CASS,  BARNES  AND  RANSOM  COUNTIES. 

By  Daniel  E.  Willard. 

(By  permission  of  the  U.  S.  Geological  Survey.) 


ECONOMIC  GEOLOGY. 

Water  Supply. — Two  of  the  most  important  considerations  in  an 
agricultural  section  are  those  of  water  supply  and  soil.  Without 
the  former  the  most  advantageous  use  cannot  be  made  of  the  re- 
sources of  the  latter;  and  the  most  abundant  and  pure  water 
supply  finds  its  fullest  use  and  value  in  a  region  in  which  agriculture 
is  one  of  the  leading  pursuits.  The  Tower  quadrangle  is  located 
in  a  region  in  which  agriculture  in  some  of  its  varied  aspects  seems 
destined  alwavs  to  be  the  foremost  industry. 

The  water  supply  of  any  region  may  be  considered  under  two 
divisions,  viz.,  surface  waters,  or  those  derived  directly  from 
rain  fall  or  melting  snow,  in  which  may  be  included  all  waters  that 
have  penetrated  the  earth  -in  the  immediate  vicinity  from  which 
tlic\'  arc  obtained ;  and  underground  waters,  or  those  which  are 
obtained  from  sources  below  the  surface,  and  which  are  derived 
from  precipitation  that  occurs  at  a  greater  or  less  distance  from 
the  local  supply.  The  surface  waters  of  the  present  area  which  re- 
quire consideration  are  streams,  lakes  and  ponds,  springs  and  shal- 
low <  r  surface  wells.  The  undercfround  waters  include  tubular 
and  artesian  wells. 

Strcivns. — The  Tower  (juadrangle  is  crossed  by  the  Sheycnnc 
and  Mai)le  rivers,  tiie  latter  having  also  several  intermittent  trib- 
utaries. Thc>c  streams,  however,  furnish  but  a  small  fraction  of 
the  required  water  supply  fc^r  the  area  for  agricultural  purposes, 
and  arc  intirc:ly  r.nfit  for  domestic  use.  The  comparatively  f^^^' 
rc-'^'Mcnts  \\  11..  arc  situated  near  the  streams  often  are  able  to  obtain 
ilu'  nc.;os-:iry  supply  lor  stock  and  laundry  purposes  from  the 
rivors.  but  tlic  water  i>  not  c^o.^l  lor  drinking  or  culinary  purposes. 
I  so     is     however     often  made  of  springs  that  well  out  upon  the 
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;tecp  banks  of  the  valley  sides,  or  to  shallow  wells  dug  in  the 
gravelly  or  sandy  floodplain  deposits  of  the  valley. 

S/rings. — Springs  occur  along  the  whole  course  of  the  Sheyenne, 
m  this  quadrangle,  and  along  the  deeper  channels  of  the  ^^laple 
md  its  branches.  Springs  are  of  very  common  occurrence  in  the 
Shcvennc  vallcv  at  the  horizon  of  contact  between  the  shale  and 
:hc  drift.  Springs,  liowever,  furnish  no  considerable  part  of  the 
»vater  supply  of  the  quadrangle.  Their  occurrence  and  distribution 
irc  such  that  they  arc  available  for  practical  u>c  in  only  a  few 
vvh.o  live  in  t]:e  valleys,  and  then  the  ([uantity  of  water  furnished 
:>y  such  sources  is  inadequate  f<  r  tlic  demands  of  house  and  farm. 

Lalccs  and  Ponds.-— yinuv  small  lakes  occur  u|)on  the  (juadrangle, 
Init  they  arc  of  little  im])()rtancc  as  sources  of  water  suppl\'  for  either 
agriculture  (^r  donicstic  jnirj;( )S(.'S.  owing  to  the  mineral  matter 
in  solution.  I'^ew  if  any  oi  the  lake-^  on  tlu^  (piadraniL^^lo  contain 
water  suitable  for  stock  to  drink.  Many  of  these  bodies  of  watei" 
contain  so  much  alkaline  and  otlier  salts  that  little  vegetation  grows 
about  the  lake  basins  within  the  area  reached  bv  the  waters. 

Sliallozv  Wells. — Surface  wells  are  of  local  importance  only.  In 
a  few  places  surface  conditions  are  such  that  wells  a  few  feet  in 
depth  furnish  the  necessary  supply  both  for  farm  and  domestic 
uses.  Water  is  obtained  in  abundance  from  wells  twelve  to 
eighteen  feet  <leep  upon  the  Lanona  Plain  east  of  \'alley  City :  o:; 
the  lowland  west  of  Oriska,  bordering  the  Alta  ridge  at  from  six- 
teen to  twenty-four  feet ;  on  the  sandy  plains  of  the  Sheyenne  delta 
in  the  southern  corner  of  the  quadrangle  at  from  eight  to  sixteen 
feet:  and  on  Sand  Prairie  in  the  southwestern  corner  of  the  fiuad- 
"angle  at  six  to  ten  feet.  In  these  locations  surface  C(^nditions  are 
uicli  as  to  favor  the  ground  water  table  l)eing  near  the  surface. 
fn  all  these  cases  the  water  ]H'ni'tratcs  the  soil  at  or  but  a  slvr't 
distance  awav  fr. 'in  ilie  s.  uvcv  of  -rnplv. 

As  a  general  rule  tlie  water-^  from  snrfa/e  welN  on  this  (piad- 
"angle  are  not  o\  superior  (iiiality.  owini^^  to  ilu^  j)resenre  of  alka- 
line salts  derive  1  f'-.  ni  llie  >••:]  ihro'j^ii  \\]:i.-]i  \Vv  \\[\\cy<  liave 
percolated.  'Hiere  .';re  r.otrw  rtliy  exceiption-,  lii.wevrr.  to  any 
general  rules  re,L:ar<IiniL;'  tlif  (pialiiie-  -  f  \\:r  wrll  wau-rs  of  the  area. 
The  shallow  \w\U  of  Sand  Tra-irie  \ield  water  of  an  e.\ce}>li  uially 
pure  quality  as  well  a>  unlimited  s;ij)j)ly.  The  shallow  wells  in  the 
sandy  pain  of  the  Sheyenne  delta  also  furnish  water  of  very  superior 
quality.      On    the   otla-r   hand    ll:e    waters    (obtained    from    surface 
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wells  in  the  district  east  of  the  Alta  ridge  and  also  that  of  the 
Lanona  plain  nearer  the  highland  of  the  Alta  ridge,  is  not  of  ex- 
cellent quality,  thoiigii  variable  within  very  short  distances.  Some 
shallow  wells  along  the  east  foot  of  the  Alta  ridge  yield  water  that 
is  so  strongly  alkaline  as  to  be  of  little  use  for  domestic  purposes 
and  similarly  en  the  west  side  of  the  ridge,  bordering  the  Lanona 
plain. 

The  explanation  of  these  differing  conditions  is  probably  to  b* 
found  in  the  underdrainage  of  the  soil  in  which  the  wells  occaf. 
The  flat  plain  of  Sand  Prairie  has  been  referred  to  above  as  a  plai''^ 
over  which  the  waters  of  the  Sheyenne  river  passed  during  i't^^ 
earliest  stage.  The  surface  soil  is  underlain  by  sand  and  graven  ^^ 
assorted  and  washed  by  the  glacial  river,  and  it  is  from  this  sufc>' 
stratum  of  sand  and  gravel  that  the  water  supply  is  obtained.  N^  ^ 
wells  have  penetrated  below  this  sand  and  gravel  stratum,  owii:^-  ^ 
to  the  fact  that  so  abundant  supplies  of  water  are  obtained  in  tr  '^^ 
sand  and  also  to  the  fact  that  the  sand  and  gravel  cave  in  so  th^^^^ 
it  is  impossible  to  excavate  to  a  depth  or  more  than  a  few  fee^  ^* 
The  character  of  the  subjacent  rock  is  therefore  not  known  wit- 
exact  certainty  based  upon  observation.  It  may,  however,  be  pret 
safely  assumed  to  be  clay,  either  boulder  clay  or  the  clayey  up] 
layers  of  shale.  The  topography  being  nearly  level,  the  underh 
ing  clay  serves  as  a  dish  to  restrain  the  water  from  percolatin, 
downwarvl.  This  fact  makes  the  shallow  wells  possible.  The  geir'  ^^' 
eral  slope  of  the  plain  is  such  as  to  allow  a  slow  percolation  of  th.^^  ^^ 
underground  waters  by  which  the  sand  and  gravel  are  situatecr:^^^^^" 
To  this  underground  flowage,  with  the  added  circumstance  tha^^-^**^^ 
the  nearly  impervious  clay  below  permits  of  no  considerable  capiK^  ^' 
lary  movement  of  water  from  below,  is  attributed  the  freedom  froir  " 
the  shallow  well  waters  from  alkaline  and  other  salts. 

In  the  same  wav  the  waters  from  shallow  wells  of  the  Shevenn       ^ 
(Klta  are  almost  free  from  foreign  salts.     The  loose  texture  of  th— **^ 

<lolta  material  alhnvs  th.e  ready  penetration  of  waters  from  the  sui 

face,  and  the  lateral  movement  of  the  waters  is  sufficient  to  prevent  t: 
the  oMioent ration  of  salts.    Some  wells  of  the  Lanona  plain  are  simi- 
larly free  from  f<  Tcign  impurities,  and  due  to  the  same  cause,  viz. : 
the  lateral  n^tn-ement  of  the  underground  waters  by  which  the  salts 
are  carried  a\\a\ . 

At  Lanona  station  a  well  about  fifteen  feet  deep  furnishes  water 
in  I'raotically  unlimited  amount,  but  of  very  poor  quality.    Tlie  sub- 
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;oil  of  the  surrounding  region  is  clayey,  and  the  topography  is  such 
hat  surface  waters  cannot  easily  except  by  evaporation  or  percola- 
ion  into  the  soil,  and  the  structure  of  the  plain  here  is  such  as  not 
o  aft'ord  ready  lateral  underground  drainage. 

( )n  the  cast  side  of  the  Alta  ridge  a  great  variety  in  quality  of 
.vaters  is  observed,  due  to  the  varying  conditions  of  the  under  soil. 
^Vhere  wells  arc  rc]>orted  from  gravel  beds  of  considerable  thickness 
:he  water  is  generally  of  good  quality.  \\'hcre,  however,  the  gravel 
>r  sand  layer  is  thin  or  where  blue  clay  is  reported  in  close  con- 
:iection  with  the  water  bcarincr  vein,  tlie  result  is  almost  invariablv 
\u  alkaline  water  supply. 

TUBULAR  WELLS. 

Occurrence. — One  of  the  principal  sources  of  the  water  su])ply  of 
the  quadrangle  is  the  bored  or  tubular  wells.  These  wells  ranc^e  in 
depth  from  forty  to  ir)0  feet.  They  differ  from  common  or  surface 
wells  in  that  the  water  is  derived  from  rain  that  penetrates  into  the 
earth  at  sonle  distance  from  the  location  of  the  well.  The  water 
often  rises  in  these  wells  nearly  to  the  surface  of  the  ground.  In 
some  cases  reservoirs  have  been  excavated  about  the  mouth  of  the 
well  into  which  the  water  flows  and  is  pumped  out  from  this 
reservoir.  On  section  IT,  townshi])  IHG  north,  range  50  west,  ]^Ioore 
township,  after  repeated  unsuccessful  attempts  to  li^et  a  sufficient 
supply  icr  general  farm  and  household  purposes  by  digging  and 
boring,  a  tubular  well  thirty-two  feet  in  depth,  located  at  the  top  of 
a  round  knob-like  hill,  furnished  an  abundance  of  water  which  rose 
nearly  to  the  surface.  A  horizontal  pipe  was  attached  and  a  trench 
cut  in  the  hillside  to  convev  the  water,  and  a  runnincr  stream  was 
thus  delivered  to  a  milkhou<e  ^n(\  stock  trouj^di.  Another  well  about 
four  miles  e:ist  tlr)ws  (jvcr  tlic  surface  at  S')me  seasons  of  the  year 
and  at  others  re(|uircs  l(>  be  ])nn^])cd.  i'oth  wells  furnish  itiex- 
liaustible  sup].)lics. 

ShalltKV  I'lozi'inc;  IJ'cHs.-  -A  well  on  section  1  I,  townshi])  110, 
fange  55,  on  the  farm  of  Senator  I'rank  Talc<^'tt,  is  thirty-two  feet 
deej)  and  flows  a  constant  stream.  Several  wells  ni  thi>  cliaractcr 
ranging  in  depth  from  twenty-live  t*)  t'lrty-cii^^iit  feel,  <»cciir  aloti^: 
Lhe  Maple  river  in  townships  ]:51>  and    1 JO,  range  .'»5   west. 

The  flow  of  these  wells  is  determined  evidently  by  the  local  to- 
pography. Many  springs  occur  along  the  valley  of  the  Maple  and 
its  tributaries,   the  water  being  conveyed   underground   from   the 
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higher  porous  soils  in  the  nearby  region  to  the  valley  where  it  breaks 
out  along  its  banks  and  bottom.     Springs  of  constant  flow  on  the 
sides  of  the  valleys  and  pools  that  well  up  through  the  gravels  of 
the  valley  bottom  arc  closely  related  to  the  class  of  flowing  wells 
just  described.     The  land  surface  three  miles  east  and  five  to  six 
miles  west  of  the  flowing  wells  referred  to  is  sixty  feet  higher  than 
the  prairie  along  the  river,  and  still  higher  farther  west.    The  gath- 
ering ground  is  therefore  sufficiently  extensive  to  permit  of  a  con- 
stant flow  from  the  tubes  that  penetrate  these  veins.     These  wells 
have  been  flowing  for  a  period  of  something  like  ten  years  and 
the  constancy  seems  undiminished. 

Wells  of  very  similar  character,  called  Pleistocene  artesian  wells, 
occur  upon  the  territory  adjacent  to  this  quadrangle  to  the  east- 
ward where  the  land  surface  slopes  toward  the  Red  River  of  the 
North  on  the  western-  side  of  the  Red  River  Valley  and  also  on  the 
eastern  side  of  the  Red  River  Valley  east  of  the  Fargo  quadran^j^le 
in  Minnesota.  These  latter  wells  owe  their  existence  and  pressure 
to  the  fact  of  the  higher  porous  gathering  grounds  on  either  side 
of  the  Red  River  \'alley  and  the  conveyance  of  the  water  under- 
ground beneath  heavy  layers  of  clay. 

Structure. — The  tubular  wells  may  or  may  not  penetrate  below  the 
mantle  of  drift.  In  either  case  the  compact  blue  clay  which  over- 
lies the  water  vein  serves  as  a  restraining  stratum  underneath  which 
the  waters  are  conveyed  for  some  distance  from  the  porous  soils 
where  they  penetrate  the  ground.  When  the  clay  is  pierced  by  the 
drill  or  auger  the  water  rises  often  with  considerable  force  till  the 
hydrostatic  level  is  reached.  The  sandy  or  gravelly  stratum  alone: 
which  the  water  is  conveyed,  and  which  is  penetrated  in  the  process 
of  lx)ring  is  porous  enough  so  that  the  water  readily  passes  through 
it.  I'liis  stratum  is  sometimes  probably  a  layer  of  sand  or  gravei 
which  lies  at  the  contact  between  the  drift  and  the  underlying:  rock, 
and  soir.ctimes  it  is  thought  to  represent  a  layer  of  sand  or  gravel 
in  tlu'  underlying  Cretaceous  rocks. 

(JuaHly  of  Jrafcr, — Frequently  these  wells  furnish  water  that  is 
palatable  and  wlidcson-.c  when  the  water  is  freely  used  so  that  the 
siij  p!v  is  kri)t  renewed  by  constant  pumping,  but  becomes  brackish 
and  stale,  <M'ten  acquiring  a  disagreeable  o<lor  and  taste,  and  acquires 
chemical  j>iv-jHM-ties  lliat  render  it  unfit  for  domestic  uses,  if  allowed 
t-/=  stand  in  the  tube  of  the  well.  This  undesirable  effect  probably 
e-.iu^  from  the  ae:i.  n  of  the  water,  which  generally  contains  some 
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alkaline  or  other  salts,  upon  the  clay  in  which  the  tube  has  been 
made.  When  the  water  is  allowed  to  stand  in  reservoirs  or  cisterns 
excax-^tcd  about  the  mouth  of  the  well,  or  when  the  well  was  dug 
in  part  and  then  a  boring  made  to  the  water  vein,  the  effect  upOx*. 
the  water  thus  stored  and  kept  standing  is  generally  bad.  This 
trouble  can  generally  be  overcome  largely  by  the  use  of  windmills, 
when  the  water  can  be  kej>t  fresh  by  constantly  drawing  out  so  that 
the  supply  is  kept  ever  renewed. 

Source  of  the  Water. — Many  tubular  wells  penetrate  the  shale 
whicli  underlies  the  drift,  though  the  exact  horizon  Ix^twcen  the  blue 
clay  of  unoxidizod  drift  and  the  blue  clay  of  the  stratified  series 
below  is  frequently  able  to  be  detemnncd  only  with  smihc  difliculty. 
The  driller  often  refers  to  tlie  "soaj^stnne,"  which  i^  interpreted 
to  mean  the  sliale-clay  that  unrlerlies  the  drift.  In  souh'  Ltcalitics 
gfv?d  wells  are  olHriined  from  layers  of  sand  in  tlie  "soajxtnuc"  or 
shale,  but  it  is  frequently  contended  by  drillers  that  when  no  water 
vein  is  struck  before  rcachini^  the  soaj)St')ne  that  none  will  be  f:>und. 
And  this  is  true  is  some  regions. 

Tlie  region  along  the  crest  of  the  Alta  ri  Ige  is  one  in  uhicli  few 
wells  of  good  ca])acity  and  quality  have  been  found.  The  drift 
mantle  is  not  deep  and  tliere  is  not  an  extensive  collecting  ground. 
Subterranean  reservoirs  for  storing  and  conveying  the  waters  which 
fall  upon  the  land  seem  to  be  very  scant.  Along  th.e  foot  of  the 
steeper  sloping  sides  of  tliis  ridge  abundant  sup])iies  (if  water  are 
obtained  at  shallow  depths.  These  aj"»jK^ar  to  be  supplied  fr(">m  the 
higher  land  m  tlie  ridge.  Th.e  riflge  itself  is  a  preglacial  hill,  of 
prr^bably  Pierre  shale.  Th.e  crest  of  this  ridge  is  '300  feet  higher 
than  tl:e  j)lain  ten  utiles  eastward  about  Tt;wer  City,  and  nearly 
;»0n  feet  h.igher  llian  the  b'ttcm  «>f  th.e  Sheycnne  valley,  six  miles 
westward.  The  condiiicn-.  tl'eref  :rr.  st-cni  t'»  be  nnfavor.'ible  for 
tubular  wells  in  this  reL;:<'ii.  :iii(l  \\\w\  \>  t"  br  l"«ike..l  f...r  in  the 
deeper  artesiim  wells. 
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DAKOTA  ARTESIAN  BASIN. 

By  Daniel  E.  Willard. 

•.  I5y  permission  of  the  U.  S.  Geological  Survey.) 


Extent  of  Area. — So  far  as  tests  have  been  made  it  seems  fairly 
safe  to  predict  that  successful  artesian  wells  can  be  obtained  in 
most  parts  of  the  Tower  quadrangle.  From  a  study  of  a  stnicture 
secticn  of  the  area  it  will  be  seen  that  the  w-ater-bearing  Dakota 
sandstone  lies  at  progressively  greater  depths  westward,  being  en- 
countered at  500  to  GOO  feet  along  the  eastern  side  of  the  quad- 
rangle, and  at  increasing  depths  westward  to  1,070  feet  in  the  south- 
west corner  of  the  quadrangle,  and  at  STo  feet  in  the  bottom  of 
tl.e  Sheyenne  valley  at  \'alley  City,  on  the  western  edge  of  the 
quadrangle.  It  should  be  borne  in  mind  that  the  bottom  of  the 
Sheyenne  valley  is  :300  feet  below  the  general  prairie  level,  and 
nearly  ;'n0  feet  below  the  crest  of  the  Alta  ridge.  The  altitude  of 
the  surface  in  the  southwestern  corner  of  the  quadrangle,  where  a 
g^  o  1  flow  was  obtaiued  at  a  depth  of  1,070  feet,  is  1,400  feet  above 
.'-ea  level,  the  well  Ix-ing  upon  a  bluff  immediately  overlooking  the 
deep  Sheyenne  valley  at  l^'ort  Ransom.  The  surface  is  therefore 
abc»ut  .'v'iO  feet  at  the  well  in  the  southwestern  corner  of  the  quad- 
rangle, and  the  prairie  level  ab(;ut  \'alley  City  is  nearly  300  feet 
higlKT  than  the  surface  in  the  neighlx)rhood  of  Buffalo  where  sev- 
onil  1  wrings  occur,  on  the  eastern  i)ortion  of  the  quadrangle.  The 
depth  t'>  the  water-bearing  sand  rock  increases  from  500  feet  near 
IJultalo  to  1,0" 0  feet  near  Fort  Ransom.  Along  the  line  of  the 
•Xorthern  Pacific  railwav  from  Buffalo  to  Vallev  City  the  increase 
i^  from  oOO  feet  to  ST.")  feet  in  the  valley  bottom,  or  1,075  feet 
bel<nv  the  general  level.  Thus  tl:e  increase  in  depth  is  seen  to  be 
greater  than  the  increase  in  altitude,  showing  a  w'estward  dip  ^^ 
th.e  water-bearing  >:nid  rock  fn.ini  lUiffalo  to  Fort  Ransom  of 
•Mt)  t\er.  and  along  the  line  of  the  Xorthern  Pacific  railway  from 
l;njTal.>  to  \  alley  City  o\  T^T)  feet.  The  ahitude  of  the  highest 
l)ar:  ...f  the  Alta  ridge  is  l.-^oO  feet.  It  thus  seems  reasonable  to 
predict    that   l^v.ving   waters   can    be   obtained   along  the  crest  of 
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he  Alta  ridge,  in  the  northwestern  portion  of  the  quadrangle,  at 
L  depth  of  approximately  1,1-^0  feet,  and  farther  south  along  the 
Lxis  of  this  ridge  at  slightly  lesser  depths.  A  well  that  has  recently 
)cen  completed  in  section  -1,  Alta  township,  at  a  depth  of  1,1  GO  feet 
s  reported  as  yielding  no  flow,  the  water  rising  within  sixty  feet 
)f  the  surface.  The  water  has  the  salty  quality  characteristic  of  the 
irtesian  waters  cf  this  basin. 

Character  of  the  Water. — The  water  fn)ni  the  artesian  wells  of 
he  Dakota  sandstone  is  sliirhllv  saltv  in  cliaractcr  in  all  cases  ob- 
served.  Ti:e  water  is  i^onerally  oi  suitable  quality  for  culinary 
md  domestic  pur])0scs,  and  when  its  use  has  becnme  habitual  it  is 
>ften  preferred  lo  the  waters  Trci^i  other  wells.  It  i>  c^-ein'r.'illy 
iked  bv  farm  :inirn:ils.  and  tluy  :ire  frup.d  t  >  thrive  r.])>:n  it.  It 
las  not  yet  been  (len^onstrated  in  tliis  re,i^ii^n  tliat  the  wiuers  can 
X?  successfully  used  f(jr  irrigation  purpose-^,  br.t  comparatively  few 
.rials  have  been  made.  Several  cases  have  c;)me  under  the  writer's 
)bservation  where  the  water  has  been  ai>])licd  to  llower  and  vege- 
:able  gardens  and  lawns.  Good  results  have  followed  in  nearly 
:*very  case  observed.  Tender  foliage  is  found  to  suffer  sometimes 
A'hen  the  w-ater  is  sprayed  upon  the  leaves,  the  injury  apparently 
irising  from  the  effects  oi  the  sun  u]X)n  the  salt  covered  surfaces, 
[n  s..:;me  cases  where  the  water  flowed  over  the  surface  in  con- 
siderable quantity,  or  where  the  soil  became  saturated  with  the  salty 
uater  without  adequate  drainage,  grass  anrl  other  vegetation  suf- 
fered. As  a  general  thing  the  usableness  and  value  of  the  water 
for  general  agricultural  puqwses  is  bcyemd  questioiL  Tn  a  region 
W'here  agricultural  interests  are  i)aramount  the  value  oi  the  ar- 
tesian water  resources  can  hardly  Ixi  overestimated.  b2x])eriments 
have  not  been  made  extending  over  sufficient  tin^e  to  (k-monstrate 
the  i.Tacticabilitv  of  the  use  <tt  tlie  waters  for  ireneral  irriu-ation 
[;urposes. 

Constiiuey  iff  Siif^ply.-i  H  the  e«'ii>lane\'  <if  ihe  s;ij)])!y  there  seems 
to  be  no  ground  for  r;.TisniKible  d.-'iib:.  \.>  dimimrLicn  in  the  ])res- 
sure  or  flow  that  ran  be  traced  t-»  a  lessening  of  [he  supph'  Ins 
lx?en  noted,  ^\'here  w\-l!.-  have  failetl  « »r  gr  )wn  feel)lf  in  de- 
livery of  stream  it  ha-;  been  i-r  bal)ly  dni-  t  »  fault \-  c<.'nstructi« 'U 
in  the  well,  causing  ur  ])ernu'iling  inllltralifii  of  sand.  If  it  is 
true,  as  is  generally  su])pose  I.  that  the  water  comes  from  far  away 
upon  the  flanks  of  the  Black  Hills  and  the  Rocky  Mountains,  this 
immense  gathering  ground  would  seem  to  leave  little  ground  for 
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alarm  lest  the  supply  be  exhausted.     No  apparent  diminution  has 
been  noticed  by  the  increase  in  the  number  of  wells. 

Power  From  Artesian  Wells, — Little  use  has  been  made  in  this 
region  of  the  pressure  of  artesian  waters  for  power.  Only  in  one 
instance  in  the  present  quadrangle  has  the  power  been  utilized 
for  propelling  machinery,  which  is  in  the  blacksmith  and  wagon 
shop  of  Davidson  Brothers,  Valley  City.  Here  the  pressure  is 
about  sixty  pounds  per  square  inch,  or  the  equivalent  of  four  to 
five  horse  power,  and  it  is  considered  well  worth  the  cost  of 
construction  of  the  well.  It  has  been  suggested  that  the  power 
from  artesian  wells  might  be  utilized  for  lifting  water  from  the 
Slieyenne  river  for  irrigation  purposes  up  to  the  lower  slopes  and 
bottom  lands  of  the  broad  Sheyenne  valley. 

Pressure  of  Wells. — Pressures  range  from  forty  to  sixty  pounds 
per  square  inch  upon  this  quadrangle.  The  well  of  Davidson 
Brothers  at  Valley  City,  which  is  a  four-inch  well,  showed  a  pres- 
sure of  forty-five  pounds  when  first  drilled,  but  has  increased  within 
a  year  to  sixty  pounds.  A  well  recently  completed  at  Enderlin  is 
reported  by  the  driller  to  have  a  pressure  of  175  pounds.  The  well 
in  the  cemetery  at  Lisbon,  four  miles  south  of  the  Tower  quad- 
rangle, in  section.  *2,  township  134  north,  range  56  west,  is  reported 
to  have  a  pressure  of  ninety-two  pounds  per  square  inch.  The  well 
at  the  Soldiers'  Hon:e,  Lisbon,  located  on  the  valley  bottom  of 
the  Sheyenne,  fills  the  storage  tank  ninety  feet  above  the  surface 
of  the  ground.  The  city  well  at  Lisbon,  located  on  a  terrace  bench 
of  the  Sheyenne,  estimated  to  be  fifty  feet  or  more  above  the 
river,  throws  a  vertical  stream  sixteen  inches  above  the  mouth  of 
the  pipe.  Other  wells  in  the  region  about  Lisbon  show  pressures 
ranging  from  forty  to  1?0  pounds.  A  well  recently  completed  at 
Enderlin  is  reported  by  the  driller  to  have  a  pressure  of  175 
pounds  per  square  inch. 


THE  SOILS  OF  THE  TOWER  QUADRANGLE, 

By  Daniel  E.  Willard. 

(By  permission  of  the  I'.  S.  Ecological  Survey.) 


Geologic  Relations. — The  soils  of  this  quadranjj^lc  (see  figure  O) 
are  such  as  liavc  been  formed,  either  directlv  or  indirectlv,  bv  the 
action  of  the  great  ice  sheet.  The  soil  ty]K's  in  the  difterent  parts 
of  the  area  conform  to  the  ge^)loiric  conditions  uinler  which  they 
have  been  fonr.ed.  The  [Tojjer  study  of  the  geologic  structure  of 
the  soils  is  therefore  (me  of  the  most  important  and  fundamental 
in  the  development  of  the  resources  of  this  region. 

The  soils  of  the  quadrangle  may  be  grouped  into  three  classes 
for  convenience,  and  the  more  particular  study  of  the  diflfcrent 
types  will  be  found  to  accord  with  this  general  classification.  These 
three  types  are,  (a)  those  that  have  resulted  from  the  materials 
dei)osited  directly  from  the  melting  ice  of  the  great  continental 
glacier  and  include  the  characteristic  soils  of  the  morainic  areas, 
recessional  deposits,  and  the  soil  of  the  rolling  prairie  or  ground 
moraine,  usually  a  silt  loam  resulting  from  the  grinding  processes 
of  the  great  ice  mass;  (b)  those  the  form  and  character  of  which 
hav-e  been  determined  indirectly  by  the  great  ice-sheet  and  whose 
particular  structure  is  the  result  of  deposition  from  waters  from 
the  melting  ice-sheet  either  from  running  streams  or  from  still 
bodies  of  waters  such  as  lakes,  and  (c.)  those  soils  which  have  lx?en 
derived  directlv  from  the  disinteirration  oi  tlie  shales  where  these 
are  exposed  at  the  surface. 

Soils  Deposited  Directly  I'ron  the  Ice. — The  soils  oi  this  group, 
as  already  indicated,  are  <^f  three  general  tyjjcs.  morainic,  reces- 
sional and  silt.  The  morainic  doj)osits  arc  udl  infrequently  s.")ir.c- 
what  stony,  though  cases  where  there  are  bouMers  large  enough 
in  size  or  abundant  en«'Ugii  in  (pniuity  to  render  the  lainl  unprofit- 
able for  cultivati^:]!  are  rare  <m  this  (|nadrangle.  It  is  <>ften  the 
case  that  the  higher  porti<.)ns  of  the  morainic  lands  are  so  drained 
because  of  their  |X)sition  and  greater  looseness  of  texture,  owing 
to  the  remo\^l  of  the  finer  portions  by  rain  wash,  that  they  are 
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less  valuable  for  agricultural  purposes,  but  most  of  the  morainic 
liills  are  capable  of  cultivation — in  marked  contrast  with  the  earlier 
moraines  in  some  sections  to  the  westward. 

Corresponding  with  the  higher  places  in  a  morainic  tract  arc  the 
ever  present  sloughs  or  small  lakes.     While  the  topography  of  the 
Tower  quadrangle  is  morainic  it  is  not  generally  strongly  so,  and 
the  waste  land  due  to  small  lakes  and  sloughs  is  not  nearly  as' 
great  in  amount  as  in  many  morainic  regions  in  the  state.    In  many 
cases  valuable  hay  meadows   and  pasture  lands  are  afforded  on 
the  bottoms  of  these  depressions.    The  type  of  hills  which  has  been 
referred  to  as  recessional  deposits  play  an  important  role  in  the 
classification  of  the  soils.     In  the  localities  where  these  deposits 
(^ccur  the  soil  is  generally  a  sandy  loam  varying  to  gravelly  loam. 
The  subsoil  in  these  deposits  is  generally  sandy  or  gravelly,  it  hav- 
ing been  elsewhere  observed  that  the  structure  in  these  deposits 
is  usually  that  of  definitely  stratified  sand  and  gravel  with  an  ad- 
mixture of  clay.     The  soils  on  these  ground  swells  is  therefore, 
light  in  character  and  not  the  most  suitable  for  crop  production. 
These   hills   afford  thq  finest  i)laces   for  building  sites,  owing  to 
the  excellent   sanitary  conditions  that  are  provided     by     nature. 
Oficn,  also,  the  best  well  water  is  obtained  by  boring  upon  such 
l:ills.     It  is  in  many  cases  the  fact  that  water  of  good  quality  and 
abundant  quantity  is  obtained  from  wells  on  the  hills  when  a  few 
ro^ls  away  on  the  surrounding  low  land  only  water  of  poor  quality, 
alk.'iHiie  in  character  and  small  in  amount,  can  be  obtained. 

The  S(^il  type  that  embraces  the  greater  part  of  the  qudarangle 
is  a  silt  loam  varying  to  sandy  loam,  which  is  the  soil  upon  the 
surface  of  the  glacial  deposits  which  composes  the  generally  nearly 
level  or  undulating  land  surface.  The  character  of  this  soil  is  deter- 
mine:! by  the  character  of  the  drift  from  which  it  is  derived,  and 
llir  character  of  the  drift  is  determined  by  the  kinds  of  rock  which 
the  groat  ice  sheet  passed  over.  The  rock  beneath  the  drift  in  this 
rei^ion  and  the  adjaceiU  region  to  the  northward  is  shale,  which 
disinieirrales  into  clav,  and  the  soil  is  therefore  somewhat  clavey 
in  oharaeter.  The  silt  probably  has  been  derived  from  the  grind- 
ing to  powder  ^^f  the  I'.ard  rocks  which  were  carried  by  the  great 
ice  mass. 

Sfi\\j}}i  Dc[>os:ts. — Stream  deposits  on  this  quadrangle  are 
n:<'»<:ly  represetUed  by  materials  that  were  transported  by  running 
waters  of  vastly  gre:u«.T  extent  than  any  that  now  exist  upon  the 
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iiadrangle.  Modern  stream  deposits  occur  upon  the  low  bottom 
mds  of  the  Sheyenne  valley  along  the  course  of  the  sluggish 
leandering  stream  that  now  occupies  the  great  valley,  and  alluvium 
Iso  has  been  deposited  by  the  main  stream  of  the  modern  Maple 
1  the  lower  portion  of  tliat  part  of  its  course  included  in  this  area. 
!*he  more  extensive  stream  deposits  of  both  the  Sheyenne  and 
iaple  valleys  were  left  from  the  flood  waters  of  the  glacial 
treams.  River  gravel,  which  may  or  may  not  be  covered  by  al- 
.ivium,  occurs  upon  the  bottom  of  the  Sheyenne  valley,  and  parts 
f  old  flood  plains  represented  by  gravelly  terraces,  marlc  the  de- 
osits  of  earlier  stages  of  the  river.  River  gravel  also  occurs  along 
he  bottoms  of  the  Maple  and  all  its  tributaries,  and  gravelly  ter- 
aces  occur  along  the  main  strcim  of  the  Maple  from  the  southern 
lart  of  Hill  township  southward  to  the  debouchure  of  the  valley 
!pon  the  plain  of  the  bottom  of  Lake  Agassiz. 

An  important  soil  feature  in  the  Sheyenne  Valley  is  the  material 
liat  has  been  carried  in  by  lateral  tributaries  and  distributed  in  the 
arm  of  alluvial  fans,  or  washed  down  the  sides  of  the  vallcv  and 
pread  out  in  broad  aprons  bordering  the  valley  sides.  The  trib- 
taries  that  enter  the  Sheyenne  from  the  present  quadrangle  are 
1  nearly  all  cases  short,  extending  seldom  more  than  one  to  two 
liles  from  the  main  valley.  Their  sides  and  bottoms  are,  how- 
ver,  generally  steep  and  the  material  removed  is  that  distributed 
long  the  sides  of  the  main  valley.  These  side  coulees  are  often 
roded  into  the  shale  which  underlies  the  drift,  but  drift  has 
sually  fallen  upon  the  slopes  of  the  tributary  streams  and  of  the 
lain  valley  so  that  the  hillsides  have  much  the  appearance  of  drift 
ills,  and  the  soils  have  much  the  nature  of  drift  soil. 

Lake  Deposits. — Tn  the  southern  corner  of  the  quadrangle  por- 
ous of  Casey,  Shenford,  Sheldon  and  IIijT:-liland  townships  are  in- 
luded  in  the  area  covered  by  the  water  of  glacial  Lake  Agassiz  and 
le  delta  of  the  Sheyenne  river.  Hiis  delta  has  been  described 
Isewherc  and  need  he  referred  to  here  only  in  reference  to  the 
haracter  of  the  soil  uj>on  it.  The  delta,  being  a  deposit  from  the 
lacial  Sheyenne  river,  is  composed  in  c<.)nsi(lerable  i)art  of  drift 
laterials  assorted  and  arranged  by  the  waters  of  the  lake.  The 
3il  of  this  i)ortion  of  the  c]uadr:in_c:le  is  therefore  loose  in  texture 
nd  in  places  is  of  sufficiently  sandy  character  to  be  blown  bv 
le  wind  into  dunes.  Only  a  small  portion  of  the  silt  covered 
lain  of  Lake  Agassiz  falls  within  the  area  of  this  quadrangle,  in 
.Idred  and  Highland  townships. 

Survey— 5 


so  SOILS  OF  THE  TOWER  QUADRANGLE 

Soil  Deposits  From  Shale, — In  Oakville  township  the  shale  is  not 
covered  with  any  perceptible  mantle  of  drift.  The  soil  here  is  that 
formed  from  the  disintegration  of  the  shale.  It  is  a  compact  and 
clayey  soil  and  is  subject  to  cracking  into  prismatic  blocks  during 
the  dry  season  of  summer.  This  type  of  soil  is  very  similar  to 
that  locally  known  in  the  Red  river  valley  as  "gumbo,"  and  class- 
ified by  the  U.  S.  Department  of  Agriculture  ias  Fargo  clay,  and  is 
the  source  from  which  the  Fargo  clay  was  originally  derived. 
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(a)     SECTION   OF  GLACIAL  CHANNEL   (BRANCH  OF  MAPLE). 

Section  32,  Binghampton  township.  Bottom  of  valley  is  a  hay  meadow;  no  modem 
stream  channel;  sand  arid  gravel  exposed  in  sides;  gravel  probably  under  the  soil  of  the 
bottom.      (See  pp.  61,  62.) 
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(b)     SECTION   OF   GLACIAL   CHANNEL   (BRANCH   OF  MAPLE). 

Section   84,   Weimer  township.     Gravelly  banks;   no  modern  stream   channel;   a   little 
water  in  pools.     (See  pp.  37,  61*54.) 
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(c)     SECTION   OF  GLACIAL  CHANNEL    (BRANCH  OF  MAPLE). 

Section  S6,    Oriska  township.     Channel  eroded  in  drift;  no  modem  stream;  a  little 
water  stands  in  pools. 


THE  HISTORY  OF  MAPLE  RIVER. 
By  Daniel  E.  Willard. 

(By  permission  of  the  U.  S.  Geological  Survey.) 


The  history  of  the  ]\laple  river  is  closely  associated  with  the 
progress  of  recession  of  the  ice  of  the  great  ice  sheet.  A  tract 
extending  across  the  central  i)ortion  of  the  quadrangle  in  a  generally 
north-south  direction,  embracing  approximately  the  townships  in 
range  5G  west,  is  non-morainic  except  for  occasional  hills  and  small 
morainic  areas.  The  deixisit  formed  at  the  next  halting  place 
of  the  ice  to  the  eastward  may  be  referred  to  for  convenience  as 
the  Buttzville  moraine.  At  the  time  of  the  formation  of  this 
moraine  the  edge  of  the  ice  extended  in  a  generally  north  by  north- 
west  direction  to  the  vicinity  of  Fingal.  It  is  not  thought,  how- 
ever, that  the  edge  of  the  ice  was  anything  nearly  as  uniform  as 
would  be  suggested  by  a  line  drawn  even  sinuously  from  Buttzville 
to  Fingal  and  northward.  It  seems  more  likely  that  the  ice  border 
was  characterized  by  much  irregularity,  and  that  local  lobes  and 
re-entrant  embayments  were  many.  The  facts  as  observed  in 
the  field  are  more  satisfactorily  explained  on  the  supposition  that 
the  ice  edge  was  irregular  and  that  the  recession  w^as  slow  and 
that  local  re-advances  probably  occurred.  When  the  edge  of  the 
ice  was  at  Buttzville  it  probably  w^as  as  far  west  as  Fingal,  the 
morainic  or  strongly  rolling  hills  in  Raritan  township  being  cor- 
related in  time  with  the  moraines  north  of  Fingal  in  Binghampton 
and  Springvalc  townshi[)s,  and  with  tliosc  north  and  west  of  Oriska. 
Tlie  existence  of  a  channel  liavitig  a  broad  gravelly  bottom,  with 
gravel  exposed  on  its  hanks,  taking  its  origin  north  and  west  of 
Fingal  and  having  its  course  to  the  southeast  al<Mig  the  edge  of 
the  ice  to  the  southwest  corner  of  Pontiac  towimhip,  where  it  en- 
tered the  channel  of  the  modern  south  branch  of  the  Maple,  in- 
dicates a  source  of  water  supply  as  far  west  as  iMngal,  and  would 
suggest  that  the  ice  still  covered  the  territory  w^est  of  Tower  City 
and  Enderlin.  In  section  26,  Raritan,  a  channel  from  the  west 
joins  the  Fingal  branch.    This  channel  takes  its  origin  five  or  six 
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miles  west  in  Thordenskjold  township,  and  indicates  that  it  was 
formed  by  water  from  the  ice  sheet  in  this  region.  Embracing 
an  earlier  time  and  before  the  ice  had  uncovered  the  region  later 
occupied  by  the  Fingal  channel  the  waters  seem  to  have  escaped 
by  a  southeasterly  course  from  section  27,  Raritan,  entering  the 
channel  of  the  South  Branch  in  section  14,  Moore  township. 

The  well  defined  channel  of  the  small  intermittent  tributary  of 
the  Maple  which  springs  from  eastern  Thordenskjold  township 
and  joins  the  channel  referred  to  in  section  2<j,  Raritan,  which  is  a 
channel  only,  containing  no  water  except  in  standing  pools  during 
the  season  of  melting  snows  and  heavy  rains,  was  the  earliest  chan- 
nel of  the  Maple  system  to  be  formed. 

The  south  branch  of  the  Maple,  which  enters  the  main  valley  at 
Enderlin,  is  an  interesting  example  of  a  reversed  waterway.  As 
will  be  shown  below,  this  channel  was  the  avenue  of  escape  to 
the  Sheyenne  for  the  waters  from  the  retreating  ice  edge  from 
the  whole  central  region  of  the  present  quadrangle,  and  also  from 
far  north  of  Buffalo  and  Tower  City  bewnd  the  present  quad- 
rangle. The  channel  is  clearly  defined,  having  steep  sides  thirty 
to  forty  feet  high  in  northeast  Moore  township,  and  from  fifteen 
to  thirty  feet  in  southern  Moore  and  Fuller  township.  Very  lit- 
tle water  passes  through  the  channel  now  except  during  the  spring 
season.  In  fact  throughout  much  of  its  course  the  channel  bottom 
is  a  fine  level  hay  meadow.  Gravel  shoulders  occur  along  its  course. 
The  channel  is  continuous  from  Enderlin  west  and  south  to  sec- 
tion 20,  Fuller  township,  where  it  enters  the  Sheyenne  valley  about 
one  mile  south  of  the  boundary  of  the  present  quadrangle,  by  a 
hanging  valley  about  seventy-five  feet  above  the  present  Sheyenne 
river.  The  present  drainage  into  the  Sheyenne  river  from  this 
channel  is  from  hardly  more  than  a  mile  or  two  from  the  Sheyenne 
valley,  though  the  divide  is  so  indefinite  as  to  be  undeterminable 
exc\^l)t  by  leveling.  The  modern  discharge  through  this  channel 
is  therefore  almost  wholly  toward  the  north  into  the  Maple. 

The  earliest  Maple  river,  therefore,  was  a  glacial  stream  emerg- 
ing from  the  ice  border  in  eastern  Thordenksjold  township,  and 
having  a  southeasterly  course  to  section  14,  Moore  township,  and 
thence  south  by  southwest  to  the  Sheyenne  river.  This  was  soon 
reinforced  by  the  Fingal  branch,  the  two  uniting  in  section  2i^, 
Raritan,  and  flowing  near  to  the  ice  border  to  three  miles  west 
present  city  of  Enderlin,  thence  turning  southward  to  the 
of  the  South  Branch  and  the  Sheyenne. 
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SECTION    OF    GLACIAT.    CHANNEL    (MAPLE    RIVER    VALLEY). 

11.   Towrr  iQwnship,     Vtry  small  modern  channel  »ilh  a  liltlc  «attr  sUr 
boHom  of  viLlry  a  hay  mtadow.     (See  pp.  51-5J.) 
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Cb)     SECTION    OF   GLACIAL   CHANNEL    (MAPLE    RIVER    VALLEY). 
Ktion  10,  ainton  lonnship.     Modern  slreim  channel  10  leel  deep,  dividing  the  old 


(e)     SECTION  OF  GLACIAL  CHANNEL  (MAPLE  RIVER  VALLEY). 

tlon  11.  ainbm  townihio.     Hav  meadow  on  bottom  underlain  by  18  feet  of  g 

i;  rolling  topognpliy  of  pcaiiie  alonj 
n  between  the  prairie  and  the  nlle; 
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A  further  recession  of  the  ice  permitted  the  formation  of  a 
channel  in  eastern  Binghampton  which  carried  the  waters  south 
and  east  to  the  present  channel  of  the  main  stream,  but  the  waters 
were  deflected  westward  in  section  28,  Pontiac,  by  the  barrier  of 
ice,  and  were  conducted  to  the  Sheyenne  by  t;he  channel  of  the 
South  Branch.  At  this  time  the  edge  of  the  ice  probably  lay  over 
the  present  site  of  the  city  of  Enderlin,  and  the  morainic  knobs 
and  rounded  hills  in  western  Clinton  were  probably  being  formed. 
It  seems  likely  also  that  the  knobs  west  of  Tower  City  were  also 
formed  in  the  marginal  portion  of  the  ice  sheet  at  this  time. 

The  next  recession  of  the  ice  border  uncovered  the  region  of 
tlie  upper  course  of  the  main  channel  of  the  Maple  river,  and 
as  far  south  as  Enderlin.  The  halting  place  of  the  ice  is  probably 
represented  by  the  hills  in  eastern  Casey  and  Liberty  townships, 
the  morainic  and  rolling  hills  in  the  region  of  the  Alice  lakes  in 
eastern  Pontiac  and  Clinton  townships,  and  the  round  knobs  in 
western  Tower  and  Cornell  townships.  This  recession  of  the  ice 
freed  the  whole  region  of  the  upper  Maple,  except  the  more  east- 
tern  branch  of  the  upper  portion  in  Tower  and  Cornell  townships, 
which  extends  east  of  the  group  of  hills  in  western  Tower  and 
Cornell  townships,  referred  to  as  probably  representing  the  place 
of  the  ice  border.  The  morainic  and  rolling  topography  in  the 
northeastern  corner  of  the  quadrangle  has  a  north-bv-northwest 
trend  in  the  alignment  of  the  hills  and  ridges,  which  is  taken  to 
indicate  that  the  region  of  the  eastern  branch  of  the  main  Maple 
channel  had  not  been  vet  uncovered,  the  northeastern  corner  of 
the  present  area  being  the  last  to  be  freed  from  the  burden  of  ice. 

Tlic  main  channel  of  the  ^laple  from  the  vicinity  of  Tower  City 
and  southward  to  Enderlin,  together  with  the  western  branches — 
and  it  will  be  observed  that  all  the  branches  of  the  Maple  enter 
it  from  the  west-— was  now  beini:;"  cn.xled.  The  ice  sheet  still  formed 
a  dam  just  east  of  the  present  site  of  hjiderlin,  and  tlie  waters 
were  compelled  to  turn  westward  away  from  tlie  ice  wall,  whence 
the  waters  were  conveyed  by  tlie  j)resent  course  of  tin*  South  I'ranch 
to  the  Sheyenne. 

It  was  not  until  another  recis<i(Mi  of  the  ice  h«>rd;T  had  oc- 
curred and  the  valley  which  sii])sc(|uent]y  became  the  j)lace  <>f  t^^lacial 
Lake  Agassiz  had  begun  to  be  relieved  of  its  burden  of  ice  that 
the  Maple  finally  lx?came  free  to  discharge  its  waters  eastward  by 
the  present  course  into  glacial  Lake  Agassiz  in  section  32,  High- 
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land,  and  the  great  channel  which  had  long  been  supplying  water 
to  the  Shcyenne,  which  had  been  the  avenue  of  escape  for  the  ice 
waters  brought  away  from  the  ice  border  during  as  many  as  four 
stages  of  recession,  and  had  been  a  part  of  the  trunk  line  of  the 
Maple  during  these  four  periods,  from  this  time  ceased  to  be  a  part 
of  the  main  channel,  and  became  what  it  now  is,  a  channel  of  re- 
versed drainage  occupied  by  the  small  intermittent  modern  South 
Branch.  It  was  not  therefore  till  the  ice  had  melted  off  from  the 
entire  quadrangle,  with  the  exception  of  the  northeast  corner,  that 
the  full  Maple  system  became  established  in  its  present  course. 
By  this  time  glacial  Lake  Agassiz  had  begun  to  be  formed  by  the 
enlargement  of  the  Sheyenne  river,  the  waters  of  the  latter  being 
discharged  between  the  wall  of  the  retreating  ice  sheet  on  the  east 
and  the  higher  land  to  the  west,  ten  miles  south  of  the  southeast 
corner  of  the  present  quadrangle. 
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PLATE  XL 


(a)     SECTION   OF   GLACIAl.  CHANNEL    {SOUTH    BRANCH   OF   MAPLE). 


(b)     SECTION  OF  GLACIAL  CHANNEL  (MAPLE  RIVER  VALLEY). 
CiI]F  of  Endcilin,  lection  1,  Libert)r  tawiuhip.     Showing  leriun.  and  gravel  underljing 
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(c)     SECTION    OF    GLACIAL   CHANNEL    CMAPLE    RIVER    VALLEY), 
Scetiont  1  uid  S,  Liberty  lowiutilp.     One  mile  east  (below)  dtr  of  Enderlin. 
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A  PECULIAR  TYPE  OF  HILLS. 
By  Daniel  E.  Willard  and  H.  V.  Hibbard. 


lass  of  hills  differing  from  terminal  morainic  hills  or  ground 
nic  swells  is  typically  developed  in  the  vicinity  of  Tower  City. 

hills  are  known  as  kames,  and  are  considered  to  have  been 
d  by  deposition  from  the  slowly  retreating  ice  sheet.  Such 
nay  often  be  apjiropriately  characterized  as  knobs.  Not  in- 
Mitly  they  stand  alone,  surrounded  by  a  broad  expanse  of 
•  level  prairie.  Wlierever  they  have  been  seen  in  section  they 
been  found  to  have  Ix^en  made  of  sand  and  gravel  largely, 
"requently  more  or  less  of  clay,  irregularly  but  definitely  strat- 

A  number  of  such  hills  are  nearly  round,  but  frequently  they 
somewhat  elongated.     No  trend  that  could  be  called  general 

be  observed,  though  in  several  instances  in  Buffalo,  Tower 
)riska  townships  the  longer  axes  are  in  a  generally  northwest 
outheast  direction.  In  outline  these  hills  are  usuallv  smooth 
ounded  giving  a  subdued  and  softened  aspect  to  the  surface, 
Tipared  with  the  more  rugged  terminal  moraine  hills.  I^kes 
ot  associated  with  hills  of  this  type,  as  is  the  case  with  hills 
t  terminal  morainic  type.  Hills  of  the  type  described  occur 
ne  extent  associated  with  morainic  hills  in  the  less  ruggedly 
nic  portions  of  the  quadrangle,  but  the  more  striking  examples 
elated,  or  in  groups  apart  from  terminal  moraines. 
:  most  conspicuous  and  typical  hills  of  this  character  occur 

a  radius  of  five  miles  of  Tower  City.  This  is  the  portion  of 
adrangle  most  free  from  terminal  moraines.     The  region  be- 

BufTalo  and  Oriska  is  a  vast  level  plain  marked  by  three 
*ls  of   the    Ma})le  system,   the   view  across  the   flat   expanse 
interrupted  only  by  these  knob-like  hills. 
5e  have  been  interpreted  as  representing  recessional  deposits, 
Jlations    from    the    melting   ice    sheet    formed    in    re-entrant 

in  the  ice  border,  in  holes  or  basins  melted  in  the  stagnant 
-et,  or  formed  beneath  the  ice  sheet  from  materials  borne 
le  ice  by  the  water  descending  from  higher  levels  either  ujK^n 
or  subg-Iacfal  streams. 


SOIL  SURVEY  OF  THE  CANDO  AREA. 
By  Elmer  O.  Fippix  and  James  L.  Burgess. 

KUy  pfrmission  of  the  Bureau  of  Soils,  Department  of  Ajfriculture,  Washington.  D.  C.i 


LOCATION   AND  BOUNDARIES  OF  THE  AREA. 

Towner  county  is  located  in  the  northeastern  quarter  of  the  state, 
and  is  bounded  on  the  north  by  the  Canadian  line.  The  greatest 
dimension  of  the  county  is  from  north  to  south,  measuring  forn- 
thrce  and  one-half  miles,  or  a  little  more  than  seven  tiers  of  town- 
ships, w^hilc  its  width  from  east  to  west  is  twenty-four  miles,  cov- 
ering four  townships.  The  area  surveyed  comprises  the  two  south- 
ern tiers  of  townships  and  has  an  extent  of  2S8  square  miles,  being 
twentv-four  miles  east  and  west  bv  twelve  miles  north  and  south. 

The  main  line  of  the  Great  Xorthern  Railway  crosses  the  state 
about  eight  miles  south  of  the  county,  and  from  Churchs  Ferry 
a  branch  lino  extends  in*  a  nonherly  direction  through  the  center 
of  the  area  surveve^l  to  the  town  of  St.  John,  near  the  Canadian 
lino,  in  Rolette  county.  Cando  and  Maza  are  the  only  shipping 
j^ointN  in  the  area.  Cando  is  a  town  of  approximately  2,000  popu- 
lation, contains  a  number  of  substantial  business  houses  engaged 
in  handling  the  various  supplies  and  products  of  the  region,  and 
i<  the  site  of  Inrge  elevators  belonging  to  six  different  companies. 
y\:v/.A  is  a  s:ii;ill  village,  being  important  chiefly  as  a  grain-shipping 
oontor. 

In  the  i>ro>oout:on  of  the  hold  work  of  the  survey  the  bureau  had 
ilu'  C'^-^*poratii.»ii  of  the  state  agricultural  and  economic  geological 
si:r\cy.  to  tlio  oxtoiit  «^i  fiirnisliing  two  men  and  paying  their  ex- 
'/^n-o<  for  a  :x^r:od  of  nearly  a  month  and  a  half. 

ir.s:o.;\  rr  si-.-iifm-n:  anp  agricl'Ltl"R-\l  development. 

n.v   .-vol.  ':'<     .1.*     :  :!'o  s::rr  '/.r.-iing  region,  is  a  comparatively 

:'v  ..  ■  :.:  .:^:-^  :'...■ -...>..     :*  v.  ..>  ::r-:  opened  for  settlement  in  1SS3. 

:■   :\    '■••..>:..■.,'.    /.v.:   ^  :>.er   similar   federal   enactments, 

-    /:  ..-  :'  0  •*. ,  -.-:,.::    .."  '  -^rc-v  ';  ::  r.  acts,  all  of  the  land  has  been 

:.  v.  ■■.  •".■^      \  •  \.':  '.  ■.\\i>  >. !  !  >.•  :!:o  i:~vorr.:r.ent  or  g^nted  to  trans- 
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portation  companies.  Upon  the  organization  of  th«  state  in  18S9 
sections  IG  and  36  of  each  township  were  given  to  the  state  for 
the  purpose  of  creating  a  school  fund  from  the  moneys  derived  from 
the  sale  of  such  land,  which  is  disposed  of  at  public  auction  at  a 
price  not  less  than  $10  per  acre.  Within  eight  or  ten  miles  of 
Cando  and  Maza  all  the  land  had  been  taken  up  under  the  alxDve 
provisions  at  least  fifteen  years  ago,  and  in  the  area  as  a  whole 
no  land  has  been  open  fr>r  homesteading  for  five  or  six  years.  A 
little  more  than  half  the  allotted  school  land  remains  in  the  ]X)s- 
session  of  the  state,  and  is  the  only  "public  land"  available. 

During  the  first  six  years  settlement  was  rapid  anrl  most  of  the 
land  was  filed  upon,  the  title  being  "proved"  to  a  considerable  part; 
but  in  the  three  years  beginning  with  1888  the  crops  were  almost 
a  complete  failure  because  of  weather  conditions,  and  the  loss  fell 
so  heavily  on  a  large  number  of  settlers  that  a  great  inany  of  them 
were  forced  to  abandon  their  land,  which  either  reverted  to  the 
governm.cnt  or  went  to  persons  holding  it  as  security  for  loans. 
Indeed,  it  is  said  that  at  one  time  following  the  third  failure,  in  1890, 
the  exodus  was  so  great  that  it  looked  as  if  the  region  would  be 
almost  depopulated.  Under  these  conditions  a  few  of  those  who 
remained  and  wxre  able  to  do  so  acquired  much  of  this  abandoned 
land  by  purchase  at  a  very  low  figure.  Quarter  sections  of  land 
sold  for  $2Q0  and  $300,  or  even  less,  because,  first,  there  w^as 
plenty  of  land  in  the  vicinity  to  be  acquired  by  simple  residence ; 
and,  second,  because  most  of  the  persons  who  had  lent  money  on 
the  land  were  willing,  in  the  face  of  financial  conditions  then  pre- 
vailing, to  accept  whatever  could  be  realized  from  an  immediate 
sale.  Large  areas  of  land  that  now  form  some  of  the  largest 
fanr.s  were  acquired  in  this  manner. 

It  is  said  to  Ik-  a  peculiarity  of  this  rec^ion  that  abnit  every  third 
or  fourth  year  since  setllcnient  began  a  hw^^c.  crop  has  ])ccn  ob- 
tained, while  in  the  intervening  years  croj-)s  have  been  either  (Mily 
moderate  or  an  actual  failure.  The  \<-ar  ISIM  g:ive  an  ininu-n^o  cro]), 
helping  those  still  remaining  in  the  regie  in  to  retrieve  their  pre- 
vious losses,  and  ^inee  that  elate  tliere  has  been  no  rejietition  of  the 
almost  absolute  failures  "f  <-ar]:er  \ear>.  In  the  fcllowmg  ])r.  •>- 
perous  years  active  >ettlen:ent  was  renewed  and  has  cnntimierl  to 
this  time.  Since  the  early  nineties  the  price  of  land  has  been 
steadily  advancing,  this  being  especially  true  since  1808;  Prices 
now  range  from  $10  up  to  $35  an  acre,  depending  on  the  char- 
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acter  and  condition  of  the  soil  and  the  location  of  the  land  with 
reference  to  the  two  towns  and  the  railroad. 

The  population  of  the  area  has  been  drawn  from  many  states  and 
also  from  foreign  countries.  Men  from  New  England  and  Illinois 
have  settled  here,  and  there  are  many  of  Norwegian  parentagt. 
Some  of  the  latter,  however,  are  Americans  by  birth  and  have  come 
from  Wisconsin  and  Minnesota. 

From  the  very  first  spring  wheat  has  been  the  staple  money  crop, 
to  which  all  others  are  subsidiary.  Barley,  oats  and  flax  were 
early  introduced  to  assist  in  getting  the  native  prairie  in  good  con- 
dition for  growing  wheat,  the  first  two  furnishing  feed  for  horses 
and  other  stock ;  but  in  1898  the  relative  prices  of  wheat  and  flax 
were  such  that  on  many  farms  flax  was  given  the  preference,  and 
continued  to  increase  in  favor  until  about  1901  or  1902.  Since 
•  that  time  the  fluctuation  in  the  price  of  both  grains  has  restored 
the  i>restige  of  wheat,  though  flax  is  still  grown  in  considerable 
quantities  as  one  step  in  the  rotation  of  crops.  Flax  and  barley  have 
long  been  considered  very  satisfactory  as  the  first  crop  on  new 
land,  following  which  wheat  succeeds  better  than  if  planted  on  vir- 
gin soil.  The  flax  has  always  been  grown  for  seed  only.  Within 
the  past  few  years  macaroni  wheat  has  been  introduced  into  the 
area  and  is  increasing  in  favor  among  the  farmers,  several  hun- 
dred acres  of  it  being  grown  at  present.  The  grain  emmer,  known 
here  under  the  name  of  "spelt,"  has  also  been  introduced.  Both 
of  these  grains  have  been  introduced  at  the  instance  of  the  bureau  of 
plant  industry. 

In  considering  the  agricultural  development  of  the  region,  the 
advent  of  the  railroad  in  1888  must  be  regarded  as  a  highly  im- 
j)ortant  factor. 

The  changes  in  the  methods  practiced  have  been  chiefly  those 
that  accomixiny  the  transition  from  the  pioneer  condition  to  the 
more  intelligent  system  of  the  progressive,  well-to-do  farmer,  who 
kccj)s  pace  with  the  improvements  along  agricultural  lines.  One 
ciianc^e  that  may  be  noted  in  this  connection,  however,  is  the  dif- 
ferent treatment  now  given  to  new  land,  which  w-as  at  first  plowed 
shallow  and  the  following  spring  "backset,"  or  replowed  after 
the  sud  had  partially  rotted.  The  land  so  managed  was  prepared 
and  ])lanted  the  same  season.  Later  the  "backsetting"  was  omitted, 
and  a  practice  now  in  vogue  is  to  plow  and  prepare  new  land  in 
the  s|)ring  and  seed  it  to  a  cri^p  like  flax.     The  success  of  the  lat- 
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ter  method  is  more  dependent  than  the  other  on  the  moisture  con- 
ditions of  the  current  year,  the  yields  being  larger  in  wet  seasons. 

Some  inquiry  was  made  to  determine  whether  there  had  been 
any  ai>i>reciable  reduction  in  crop  yields  on  the  lands  longest  in 
cultivation.  The  replies  were  varied,  indicating  that  if  there  has 
been  any  decrease  in  yield  it  is  so  small  as  to  be  scarcely  noticeable. 

CLIMATE. 

This  area,  with  an  average  precipitation  of  nearly  twenty  inches, 
belongs  to  the  semiarid  division  of  the  country,  Init  there  arc  certain 
modifying  factors  which  ahiiost  ])lacc  it  in  the  humid  division.  An 
examination  of  the  a]>pcndcd  tabic,  compiled  from  weather  bureau 
records,  will  show  that  about  To  per  cent  of  the  rainfall  occurs  in 
the  warmer  months,  from  Ai)ril  to  October,  inclusive.  These  figures 
are  normals  for  a  series  of  years,  and  there  are  wide  fluctuations 
from  year  to  year,  unusually  dry  seasons  alternating  with  seasons 
in  which  the  rainfall  is  sufficient  to  class  the  region  with  the  humid 
country  farther  east.  On  the  whole,  the  problem  of  a  sufficient 
moisture  supply  is  the  most  important  one  in  the  region,  and  the 
one  that  most  largely  determines  the  crop  returns  under  the 
methods  practiced.  In  the  season  of  1904,  however,  an  excess,  and 
not  a  deficiency,  of  rain  caused  much  injury. 

Frosts  always  occur  early  in  September,  and  between  the  1st  and 
the  loth  of  November  permanent  low  temperatures  begin  to  pre- 
vail, the  groimd  freezing  and  remaining  so  until  the  following 
spring.  The  humidity  in  winter  is  low,  and  conse(iuently  the  low 
temperatures  are  not  so  severe  on  animal  life  as  the  figures  would 
seem  to  indicate.  Snow  generally  covers  the  ground  to  a  depth  of 
several  feet  throughout  the  winter,  but  the  total  amount  of  water 
that  falls  in  this  form,  as  shown  by  the  tables,  is  only  a  fraction  of 
an  inch  during  each  of  the  coldest  four  months.  The  ground 
freezes  to  a  depth  of  from  five  to  eight  feet. 

About  the  1st  of  April  tlie  sdII  begins  to  thaw,  and  usually  from 
the  10th  to  the  '^^^^ih  of  the  month  plowing  and  cultivation  are  pos- 
sible, even  though  the  soil  bo  frozen  belmv.  liy  the  l<;t  of  May, 
or  even  earlier  in  son^.e  \ears.  the  surface  siril  is  warm  ennui/h  to  crer- 
minate  seed. 

In  this  region  a  given  amount  of  water  is  more  effective  in  caus- 
ing crop  growth  than  in  warmer  sections,  because  the  surface 
evaporation  is  less.  As  is  indicated  by  the  tem])erature  of  the  ground 
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water  near  the  surface  in  wells  and  other  places,  the  lower  subsoil 
never  becomes  very  warm.  All  processes  of  oxidation  and  de- 
composition are  correspondingly  slow,  and  this  fact,  coupled  with 
the  additional  one  tliat  the  seasons  are  comparatively  short,  prob- 
ably explains  why  all  the  soils  are  so  rich  in  humus  or  partly  de- 
c()nijx>sed  organic  remains.  There  is  a  comparatively  small  amount 
of  leaching. 

In  winter  the  temperature  sometimes  falls  to  forty  degrees  be- 
low zero,  and  the  general  conditions  are  very  severe  on  animal  life. 
In  summer  hailstorms  sometimes  do  great  damage  to  crops  if  they 
happen  to  be  in  a  nearly  ripe  condition.  These  storms,  however, 
are  never  of  general  occurrence,  and  usually  cover  narrow  strips 
from  a  fraction  of  a  mile  to  several  miles  in  width. 

There  is  a  free  and  unobstructed  movement  of  the  winds,  which 
occasionally  attain  high  velocities,  but  the  damage  to  crops  from 
this  cause  is  not  great,  as  in  some  parts  of  the  w-est. 

Xonna/  monthly  and  atniual  temperature  and  precipitation . 
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PHVSIOGl^VPIIV  AND  GEOLOGY. 


In  surface  features  the  Caiido  area  is  an  undulating,  treeless 
j/rairic,  a  little  rouglicr  near  the  borders  than  in  the  central — ^paf' 
ticularly  the  east-central — part.  The  area  is  also  slightly  trough- 
>lia[)e<I,  with  tlie  lowe.^t  i^ortion  forming  a  broad,  shallow  valley 
liu'ii  cro.-se.s  the  survey  a  few  miles  cast  of  the  center.  The  eleva- 
i:.)n  varies  from  about  l.llo  feet  to  nearlv  l.GOO  feet,  and  the 
general  sl(>])e  is  soiithwarJ.  Tlie  topography  consists  of  low  eleva- 
i :■•;!<,  ilie  .L;rv:U  inajority  of  wliicli  have  a  general  northerly  ana 
-  .inhorl\-  \\-v\v\,  .\\\  «»f  the  elevations  have  gentle,  gracefully 
r.  Minde.l  sl''>pr>.     The  t<>i)()gTai>hy,  however,  is  not  of  .the  dissected 
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:>'pe,  and  bears  scarcely  any  relation  to  stream-erosion  forms,  but 
las  been  produced  by  entirely  different  factors,  to  be  discussed 
1  little  further  on.  Three  miles  north  of  Cando,  and  in  a  few 
3ther  places,  the  surface  is  made  up  of  knolls  and  kettlelike  depres- 
sions, some  of  which  contain  small  lakes. 

The  drainage  system  of  the  region  is  unique  in  several  respects. 
The  rather  extensive  system  of  streams  and  drainage  lines  has  not 
been  developed  by  the  present  rainfall,  and  consequently  they  are 
noc  actively  eroding  their  channels.  ]\Iany  of  the  streams,  or  coulees, 
as  thev  are  called  in  this  section  of  the  countrv,  arc  (luite  lari^^e.  and 
their  meandering  course  indicates  that  at  the  time  they  were  de- 
veloped the  fall  was  not  great  and  the  water  moved  ratlier  slowly. 
The  main  stream  is  the  I>ig  Coulee,  which  crosses  the  area  a  few 
miles  east  of  Canclo.  With  the  exception  of  a  small  extent  of 
country  in  the  extreme  southwestern  part,  the  drainage  of  which 
flows  into  the  Hurricane  lake  system,  the  drainage  water  of  the 
area  finds  its  way  into  the  Big  Coulee,  either  in  the  county  or  at 
some  distance  to  the  southward.  All  of  the  channels  are  much 
clogged  by  a  growth  of  water-loving  plants.  At  intervals  many 
of  the  streams  pass  through  broad  swales  or  swampy  depressions, 
from  an  acre  or  two  to  many  acres  in  area,  over  which  the  water 
spreads,  while  throughout  the  extent  of  the  survey  are  numerous 
shallow  depressions  of  about  the  same  size  with  no  outlets  that 
contain  from  a  few  inches  to  a  foot  or  two  of  water  during  most 
of  the  year.  In  the  eastern  half  of  this  area,  aside  from  the  south- 
eastern corner,  many  of  these  swamps  have  the  appearance  of  hav- 
ing been  part  of  a  main  line  of  drainage,  and  are  traversed  by 
a  distinct  channel.  In  addition,  along  all  of  the  coulees  are  many 
abandoned  channels  of  ox-bow  form  that  have  been  sufficiently  filled 
to  make  cultivation  possible.  The  most  notable  examples  of  this 
occur  along  the  lUg  Coulee  nDiiheasi  of  Cando.  The  former 
meaderning  of  this  stream  over  a  wide  territory  is  here  very  evident. 

In  the  course  of  the  survey  it  seenie  1  advisable  to  indicate  <.)n  the 
map  numerous  lines  alonq-  which  the  drainaii^e  water  colleets.  and 
along  which,  at  some  earlier  time,  it  was  probably  drained,  and  this 
has  been  done  by  means  of  broken  lines.  At  present  these  are  in- 
dicated by  poorly  draiuerl  area^  of  soil,  with  (li>c<»niimious  wet- 
weather  swam])s,  too  small  to  be  shown  in  the  usual  way,  yet  hav- 
ing considerable  influence  on  the  agricultural  value  of  the  land  they 
traverse. 
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A  further  peculiarity  is  the  way  in  which  the  various  coulees  are 
connected  by  these  lines  of  drainage,  and  also  the  parallel  position 
and  near  approach  of  several  of  the  systems  to  each  other.  A 
study  of  the  accompanying  map  will  show  two  large  coulees  com- 
ing down  from  the  north,  one  on  each  side  of  the  Big  Coulee,  which 
they  gradually  approach  and  into  which  they  finally  empty.  These, 
in  turn,  are  formed  by  the  union  of  streams,  which  continue  paral- 
lel and  near  to  each  other  for  distances  of  several  miles. 

The  surface  geology  of  the  area  and  of  all  the  surrounding 
country  is  of  the  glacial  type.  The  Dakota  lobe  of  the  ice  pushed 
down  over  this  country-,  forming  a  continuous  mantle  of  glacial 
till,  and  during  its  recession  and  temporary  advances  formed  lines 
of  gravelly  hills  called  tenninal  moraines.  Associated  with  these 
is  the  roughest  topography  of  the  area,  in  which  are  found  the  small 
glacial  lakes. 

The  melting  of  the  ice  during  the  period  of  recession  produced 
large  volumes  of  water  that  drained  off  to  the  south,  and  it  w^s 
this  water  derived  from  the  glacier  in  the  immediate  vicinity  and 
from  regions  many  miles  to  the  north,  beyond  the  Turtle  Mountains, 
that  produced  the  system  of  coulees  mentioned  above.  In  The 
Story  of  the  Prairies,  Professor  Willard  describes  the  Big  Coulee 
as  forming  an  outlet  from  large  bodies  of  glacial  water  far  to  the 
northward  into  Devils  Lake  and  thence  into  the  Red,  river  valley. 
The  passage  of  this  large  volume  of .  water  through  the  area,  as 
floods  laden  with  sediment,  an,d  with  varying  currents,  is  responsible 
for  the  deposit  of  the  large  masses  of  material  giving  rise  to  the 
soils  of  the  area,  other  than  those  formed  directlv  from  the  boulder 
clay.  The  various  grades  of  sand  and  gravel,  mostly  stratified  in 
the  fonn  of  bars  and  ridges,  and  of  the  huge  mass,  of  silty  clay  in  tlie 
vicinity  of  Cando,  were  probably  formed  by  this  agency  of  the 
glacial  waters.  All  of  the  surface  fonns  are  the  result,  directly  or 
indirectly,  of  the  action  of  ice,  and  the  depth  of  the  glacial  material 
ranges  in  different  parts  of  the  area  from  thirty  or  forty  feet  to 
more  than  100  feet. 

SOILS. 

The  most  prominent  characteristic  of  the  soils  of  this  area  is  the 
lririL::e  amount  of  organic  matter  and  lime  they  contain,  as  com- 
]  art:J  with  soils  uf  similar  texture  farther  east  and  south. 
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The  preponderance  of  organic  matter  is  not  due  to  a  large  orig- 
inal amount  produced  in  the  soil,  but,  as  was  intimated  in  the  dis- 
cussion of  climate,  it  is  a  result  of  the  meteorological  conditions. 
The  source  of  aH  the  humus  is  the  plant  roots  and  stems  that  were 
left  in  the  soil  from  season  to  season  by  the  prairie  grass  before 
cultivation  began  and  by  the  cultivated  crops  now.  All  processes 
of  decomposition  are  hastened  by  a  high  tem|>erature,  and  the  longer 
it  continues  the  more  thorough  they  will  be.  In  this  region  the 
summers  are  comparatively  short,  the  atmospheric  temperature  is 
not  high  on  the  average,  and  the  soil  temperature  is  comparatively 
low.  This  condition  hinders  the  bacterial  and  fungus  growths 
that  are  essential  to  raj)i(l  decomposition  of  organic  matter,  and  a 
gradual  accumulation  of  humus  is  the  result. 

The  amount  of  humus  ] present  is  the  cause  of  the  dark  color  of 
the  soil  of  the  area — a  color  that  tends  to  increase  the  amount  of 
heat  absorbed  during  sunshine,  thus  maintaining  a  higher  soil 
temperature.  This  is  an  important  fact  when  associated  with  areas 
having  as  short  growing  seasons  as  here,  and  it  is  probable  that 
the  crop  adaptation  of  the  region  would  be  quite  different  if  the 
soils  were  a  very  light  color,  even  though  they  contained  the  same 
amount  of  plant  food  as  at  present. 

A  large  amount  of  limit  is  distributed  through  all  types  of  soil, 
but  is  most  abundant  in  the  loams  and  gravelly  loams.  It  has  been 
derived  from  the  grinding  up  by  the  glacier  of  lime-bearing  crystal- 
line rocks  and  also  of  considerable  amount  of  limestone.  This  has 
been  subsequently  redistributed  and  in  some  places  concentrated 
through  the  agency  of  the  soil  water.  The  largest  accumulations 
are  between  the  twelfth  and  thirtieth  inches,  where  lime  some- 
times appears  to  form  more  than  a  third  of  the  bulk  of  the  soil. 
In  gravel  bods  covered  to  a  (le{)th  of  from  fifteen  to  thirty  inches 
■by  silty  material  all  of  the  ])o])l)les  in  the  n])per  ])art  of  the  gravel 
are  covered  with  lime,  <.)r  the  wliole  mass  niav  he  cemented  t<.)i2rether 
by  depositions   from   the  water  leached   fr(.»m  the  soil  above. 

This  large  amount  of  lime  is  very  useful  in  the  soil,  since  it 
tends  to  increase  the  ^Tanulalinns  of  the  fnie-te\ture<l  types,  ])re- 
vents  acidity  from  the  deconipo.silion  <»f  the  orcranic  matter,  which 
process  it  hastens,  and  is  favorable  t«»  the  growth  of  the  grains  most 
abundantly  produced  in  the  region.  For  the  growth  of  flax,  how- 
ever, less  lime  is  desirable. 
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Five  types  of  soil  have  been  recognized,  the  names  and  extent 
of  which  follow : 


Areas  of  different  soils. 


Soil 


Marshall  loam 

CI vde  loam 

Clyde  clay 

Clyde  fine  sandy  loam 
Marshall  gravel 

Total 


79,936 
10,016 
18,880 
10.880 
1,344 


181,056 


44.2 

38.7 

10.4 

6.0 

.7 


All  of  the  types  appear  very  silty  in  the  field,  and,  except  on  the 
lightest  sand  and  gravel  points,  which  are  very  small  in  extent,  there 
is  considerable  similarity  in  the  first  ten  inches  of  soil  throughout 
the  area. 

CLYDE  LOAM. 

The  soil  of  the  Qyde  loam  is  a  black  silt  loam  or  loam,  with  an 
average  depth  of  twelve  inches,  but  with  a  range  of  from  ten  to 
twenty-four  inches.  The  greater  depth  is  found  in  the  lowest  posi- 
tions adjacent  to  the  coulees.  The  subsoil  is  a  light-colored  silt 
clay  loam,  or  clay,  the  upper  part,  when  dry,  being  a  pale  yellow 
to  gray,  and  the  color  changing  to  a  darker  yellow  with  increased 
depth.  The  type  has  little  material  coarser  than  the  finer  grades 
of  sand. 

The  Clyde  loam  is  distributed  throughout  the  area,  but  the  larg- 
est body  is  in  the  eastern  half,  where  it  is  the  predominating  type, 
and  occupies  a  sort  of  broad,  flat  basin,  about  ten  miles  in  width, 
cut  at  intervals  by  areas  of  other  types.  Toward  the  eastern  boun- 
dary of  the  area  and  throughout  the  western  half  it  is  the  type  of 
second  importance  in  extent,  in  the  latter  location  forming  elongated 
bodie.^  of  variable  size  surrounded  bv  the  Marshall  loam. 

The  surface  in  general  is  nearly  level  or  only  slightly  undulat- 
ing-, while  in  detail  it  is  appreciably  uneven  in  a  number  of  places, 
due  to  shallow  channels  and  saucer-sliapcd  depressions.  The  large 
area  fir.'^t  mentioned  lies  at  an  elevation  halfway  between  the  high- 
est knolls  and  the  lowest  depression,  and  in  other  parts  it  fills  many 
nf  the  troughs  in  the  surface  of  the  Marshall  loam.  The  shallow 
(lefH-L'Ssions  nientioiK'd  arc  rather  numerous  throughout  the  type, 
but  in^).st  (»t  them  are  of  very  small  extent — less  than  two  acres. 
Where  they  are  of  considerable  size  they  have  been  mapped  as  a 
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distinct  type,  because  the  drainage  conditions  are   such  that  the 
soil  has  been  much  modified. 

The  natural  drainage  of  the  type  is  not  perfect,  and  in  a  region 
of  greater  rainfall  the  condition  would  be  serious;  but  with  the 
usually  light  precipitation  of  this  section  little  trouble  is  experienced 
from  excess  of  water,  and  then  only  in  the  wettest  seasons  and 
over  a  comparatively  small  ])nji)ortion  of  the  type.  Most  of  the 
coulees  are  bordered  by  the  Clyde  loam,  and  it  surrounds  most  of 
the  swami)y  areas  mapped  as  Clyde  clay.  Near  these  in  wet  sea- 
sons the  crops  may  be  damaged.  In  addition,  there  are  lines  along 
which,  when  there  is  an  excess  of  moisture,  the  water  tends  to 
accumulate,  forming  a  series  of  wet- weather  jK.Mids  a  few  rods  in 
extent.  The  most  prominent  of  these  lines  oi  drainage  have  been 
indicated  on  the  map  by  broken  blue  lines.  In  average  seasons  all 
such  places  may  be  readily  cultivated,  and  give  the  largest  yields, 
although  there  is  loss  of  crops  in  a  wet  season.  Much  oi  the 
land  could  Ixi  drained  by  constructing  open  or  tile  drains  empty- 
ing into  the  adjacent  coulees.  Remote  from  outlets,  however,  it 
would  not  be  practicable  to  put  in  a  drainage  system  for  small 
areas  that  are  injured  only  about  every  fourth  season. 

Some  minor  variations  from  the  typical  soil  material,  and  other 
peculiarities  in  texture  that  are  best  described  at  this  point,  are: 
The  more  coarse  and  mealy  character  of  the  soil  in  the  immediate 
vicinitv  north  and  east  of  Cando:  the  noticeablv  fine  sand  content 
of  the  soil  for  some  distance  out  from  the  borders  of  the  bodies  of 
the  Clyde  fine  sandy  loam,  especially  north  and  east  of  Cando ;  the 
heavier  and  somewhat  clayey  subsoil  in  the  lowest  places  where 
the  drainage  is  defective,  and  the  slightly  heavier  character  of  the 
type,  as  compared  with  the  large  eastern  area,  in  the  small  bodies 
stirrounded  by  the  Marshall  loam. 

The  origin  oi  the  ("lyde  l<»:ini  is  n<>i  well  underslnod,  Imt  it  is 
thought  to  be  the  result  <>f  the  aecunuilation  of  material  in  the 
lower  levels  by  the  drainage  water.  Since  the  v^)linne  of  this 
drainage  is  insignificant  at  ])resenl,  the  material  must  have  been  de- 
posited at  some  earlier  time.  pre^nniabK  during  the  |)eri(»d  when 
the  drainage  of  the  retreating  glacier  pa>sed  thr'»ii.^di  the  area.  In 
the  vicinity  of  Cauilo  tlu?  de]>tli  <.»f  tlii>  material  i>  ten  feet  or  mor<-. 
The  character  of  the  surface  and  the  relation  of  the  material  to  the 
coulees,  as  well  as  to  the  numerous  abandoned  channels,  which 
are  very  prominent  alc^ng  the  Rig  Coulee,  northeast     of     Cando. 

Survey— 6 
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would  seem  to  indicate  the  deposition  of  the  material  by  shallow, 
slow-moving  flood  w^aters.  There  is  no  important  variation  be- 
tween the  material  forming  the  type  on  the  highest  levels  and  that 
on  the  coulee  bank.  The  soil  is  usually  a  little  deeper  next  to 
the  coulee,  but  the  subsoil  is  of  the  same  light-colored,  clayey  char- 
acter. An  example  of  this  occurs  along  the  coulee  northeast  of 
Maza,  through  several  sections  ,and  includes  several  hundred  acres, 
where  the  black  soil  is  several  feet  deep  next  to  the  channel,  and 
gradually  shallows  toward  the  highest  level. 

The  type  may  be  regarded  as  a  secondary  material  derived  orig- 
inally from  the  glacial  till,  but  that  it  is  distinct  from  the  boulder 
clav  is  evident. 

A  large  quantity  of  lime  is  distributed  throughout  this  soil  and 
is  often  ajyparent  from  the  color  of  the  material.  The  accumula- 
tion is  largest  in  the  upper  part  of  the  subsoil.  There  is  also  pres- 
ent a  large  amount  of  gypsum  (CaS04),  mostly  in  a  crystalline 
form.  It  occurs  as  a  granular  material  in  small  pockets  and  seams 
through  the  section  of  the  subsoil. 

In  general,  the  alkali  salts  are  not  sufficiently  abundant  to  he 
injurious  to  crops,  but  there  is  a  slight  excess  in  seme  instances 
that  is  more  fully  treated  under  *'alkali  soils."  It  is  found  in  the 
lowest  places,  where  the  drainage  is  most  defective,  and  is  nio?t 
concentrated  in  the  lower  part  of  the  soil  section. 

All  the  croi)s  r>f  the  region,  inclu(Hng  wheat,  barley,  oats,  flax 
and  potatoes,   are   grown  en   the   Clyde   loam   with   good  results. 
In  its   natural   condition   it  has   the  highest  productive  power  of 
anv  of  the  soils.     In  the  best  seasons  wheat  will  vield  from  tliirtv 
to  thirtv-tivc  bushels,  barlcv  fortv  to  forty-five,  oats  fortv-five  to 
sixty  biiSiU'ls  and  tlax  fn)in  eighteen  to  twenty-three  bushels  per 
acre.      Not   cnouj^h   corn   is   L'-rown  to  determine  what  the  vielld 
would  1k".     ]V>tatocs  make  t?00  Inishels  or  more.     These  yields  rep- 
resent tlu"  niaxinnnn  returns  in  favorable  seasons,  and  are  the  onlv 
true  crni'lc  to  the  j^nKhictive  j^ower  of  the  soil.     In  other  seasons 
a    L^rrat    variety  f^f   fields   is   obtained,   de])ending  on  the   amount 
^\  rainfall  and  the  n-anaiiiMvent  <.»f  the  land.     It  is  in  fact  the  best 
^■m!  in  tlk-  an^'i  for  tin-  staple  or«»j)s  of  the  region,  and  is  also  well 
a'l'i]  ic'l  I")  the  ];n»(luol:<»n  <>f  ])otat'H>s.     The  same  soil  farther  south 
V. ..:-l  1  1>r  an  idr.il  «mic  for  c«>ni  qrowing.    In  this  latitude,  however, 
a  I-.l;':  It  r  t\j\-  <'f  ^"il  is  l.)^-tt(T  suited  to  corn.    A  variety  of  forage 
or«»ps  and  .L,^ras>L'-  siiitod  to  the  climate  may  also  be  grown  success- 


SOIL  SURVEY  OF  1 


67 


fully.  The  smooth  brome  grass  thrives  on  this  type.  In  the  best- 
drained  positions  potatoes  may  be  made  to  yield  very  well,  the 
tubers  being  of  the  finest  kind.  A  variety  of  garden  vegetables  is 
also  grown,  and  some  excellent  small  fruits,  such  as  currants  and 
gooseberries,  are  produced. 

In  its  relation  to  moisture  the  type  is  very  satisfactory.  It  is 
readily  cultivated  into  a  friable  loam  that  takes  up  water  quickly 
and  conducts  it  into  the  subsoil,  which  has  a  large  water-Iiolding 
capacity.  With  proper  cultivatinn  b>  conserve  moisture,  the  most 
protracted  drou^dits  of  the  region  may  be  withstood  and  fair  crops 
obtained. 

The  following  tnble  gives  mechanical  analyses  of  typical  samples 
of  the  soil  and  subsoil  of  this  tvpe: 


>n.  sec.  a.  E.  half     Bla<: 

JladirerTp. 

SE.'<,«c.a>,W.taalJ 

BiidKerTp , 

iulwmlar  UHtg... 


The  soil  of  tlio  Mar^iuill  l..ani  i>  a  h-iuu  i.>r  heavy  sandy  loam 
of  very  dark  or  Mack  en],  ir,  CMiitainiuL;  a  small  percentage  of  fine 
gravel.  It  is  not  a  v^ry  uiiifMnu  suil,  :iii,i  thi-ri.'  are  many  small, 
low  knolls,  from  a  lew  feet  to  several  mds  in  CNleui,  where  the 
material  is  very  gravelly,  while  in  intervening  areas  the  tc.xtiire  is 
more  silty.  At  from  one  to  two  feet  below  the  surface  there 
generally,  but  not  always,  occurs  a  thin  stratum  a  few  inches  thick 
consisting  largely  of  coSrse  sand  and  gravel,  while   from  twelve 
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to  twenty  inches  the  material  is  of  a  light,  often  gray  color,  which 
is  due  chiefly  to  the  presence  of  a  large  amount  of  lime  carbonate, 
in  extreme  instances  forming  from  a  third  to  a  half  of  the  bulk  of 
the  soil. 

The  subsoil  below  the  gravelly  stratum  is  a  stiff,  gritty  material, 
sticky  and  pasty  when  wet.  The  color  is  a  light  gray,  w^hich 
changes  to  a  yellow  with  increased  depth.  The  angular  fragments 
of  sand  and  fine  gravel  may  make  up  a  considerable  part  of  the 
mass  and  are  mixed  uniformly  through  it.  When  this  gritty  material 
becomes  dry  it  bakes  and  becomes  very  hard  and  resistant. 

The  Marshall  loam  is  the  predominating  type  of  soil  in  the  west- 
ern as  the  Clvdc  loam  is  in  the  eastern  half  of  the  area.  Its  sur- 
face  is  very  gently  rolling  or  undulating,  but  not  to  an  extent  to 
interfere  with  cultivation.  The  surface  is  made  up  of  low,  rounded 
knolls  and  ridges,  a  large  majority  of  which  have  a  northerly  and 
southerly  trend.  On  some  of  the  higher  points  are  found  small 
beds  of  gravel  that  would  be  classed  with  the  Marshall  gravel  if 
they  w^ere  of  sufficient  extent.  In  sections  7  and  18  of  Maza  town- 
ship, on  top  of  a  high  ridge  at  that  point,  these  gravel  and  sand 
pockets  are  rather  numerous,  and  associated  with  them  are  many 
large  boulders.  These  boulders  range  from  a  few  inches  to  several 
feet  in  diameter,  and  boulders  of  the  same  character  are  of  common 
occurrence  throughout  the  type.  They  are  angular  and  subangular 
in  shape,  and  composed  of  a  variety  of  minerals.  Various  kinds 
of  granites  arc  common. 

Kettle  holes  are  of  frequent  occurrence.  Many  of  the  depressions 
between  the  ridges  and  knolls  are  poorly  drained  and  often  swampy. 
This  gives  rise  to  the  many  areas  of  the  Clyde  clay  associated  with 
this  type,  which  will  be  noticed  on  the  map,  particularly  on  the 
eastern  margin  and  in  the  west-central  part.  Their  presence  is  a 
considerable  hindrance  to  cultivation  in  some  places,  because  they 
cut  the  surface  into  irregular  areas. 

With  the  exception  of  the  lowest  parts  of  the  depressions  be- 
tween the  ridges  the  drainage  is  good,  and  even  in  the  areas  ex- 
ce])ted,  it  they  are  of  considerable  extent  they  are  showMi  as  a  dif- 
ferent tyjH\  The  Marshall  loam,  as  a  rule,  forms  the  most  elevated 
]>:irl  of  the  area  and  has  a  moderately  sloping  surface  and  the  ex- 
cess o\  water  readily  rlrains  away,  while  the  soil  itself  being  of  a 
]  o!-f>rs  character,  the  water  that  falls  upon  it  is  rapidly  absorbed. 
The  subsoil,  however,  is  more  dense  and  impervious  and  absorbs 
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water  slowly.  The  twenty  inches  or  more  of  porous  material  on 
the  top  has  a  decided  iK>wer  to  retain  moisture,  and  keeping  it  in 
contact  with  the  subsoil  for  long  periods  the  latter  gradually  be- 
comes moistened.  Thus  a  large  amount  of  moisture  may  be  stored 
and,  by  proper  cultivation,  retained  until  such  time  as  it  is  needed. 
Some  of  the  wet  areas  may  be  easily  and  cheaply  drained,  while  for 
others  the  process  would  be  Uyo  expensive  to  be  practicable  under 
present  conditions. 

The  Marshall  loam  is  formed  by  the  weathering  of  the  true  boul- 
der clay  which  comes  to  the  surface  in  the  areas  indicated  by  the 
occurrence  of  the  tyi)e.  With  this  weathered  material  have  been 
incorporated  considerable  quantities  of  organic  material,  but  at  a 
considerable  de]Uh  t]:e  blue  l.M)ii]der  clay  is  f  )uii(l  in  its  orii^inal  con- 
dition, the  difference  in  color  Ixtincr  due,  it  is  believed,  to  the  change 
in  form  of  the  com]:)ounds  of  iron,  due  to  weathering. 

This  type  contains  mere  lime  than  any  of  the  others,  but  i\ 
comparatively  small  amount  of  gypsum,  and  that  in  the  most  silty 
areas.  The  lime  is  most  concentrated  between  the  twelfth  and  the 
twenty-fourth  inches,  where  it  may  constitute  the  greater  part  of 
the  soil  mass.  The  included  pebbles  are  usually  heavily  coated  with 
it.  The  small  depressions  mentioned  are  often  encircled  above 
the  line  of  saturation  bv  a  band  several  feet  in  width,  in  which  there 
is  a  large  accumulation  of  lime  at  the  surface.  On  these  places 
flax  is  invariably  a  failure,  and  other  crops  may  be  affected. 

All  of  the  staj)le  crops  of  the  region  are  produced  on  this  type, 
but  are  less  uniform  in  growth  than  on  the  Clyde  loam.  The  crops 
are  best  in  the  wet  seasons,  but  even  then  a  slightly  spotted  ap- 
pearance in  the  fields  may  be  observed.  In  a  dry  season  this  lack 
of  uniform  growth  is  nnich  more  noticeable.  The  coarse  stratum, 
being  unequally  (listril)nle(l.  checks  tlie  ])roi)or  niov.Miient  of  mois- 
ture upward  to  the  i)lant  ro>ts.  cs|tecially  wlu-n  tlu-  n])])er  part  of 
the  section  has  l)ec<'nio  very  dry.  The  process  of  niovemont  from 
one  part  to  the  otiier  is  very  >\n\\\  and  if  tlie  upper  soil  ])c  (juicklv 
dried  out  the  plant  will  sntTor  for  moisture  l)ef<'re  tlie  sn|)plv  is 
reidenished  from  the  lower  subsoil.  Tlicre  i^.  in  addition.  ])robablv 
a  hindrance  to  the  downward  (K'vclripnient  n\  the  plant  root<.  With 
the  best  management  the  yields  of  the  grain  crops  may  be  made 
to  approach  very  near  to  those  given  for  the  Clyde  loam.  Flax,  how- 
ever, does  not  do  quite  so  well. 
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The  following  table  gives  the  mechanical  analyses  of  typical  sam- 
ples of  the  soil  and  subsoil  of  the  Marshall  loam: 

Mechanical  analyses  of  Marshall  loam. 
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CLYDE  FINE  SANDY  LOAM 

The  Clyde  fine  sandy  loam  consists  of  a  very  dark  or  black  fine 
sandy  loam,  twelve  inches  in  depth,  beneath  which  is  a  pale  yellow 
or  gray  fine  sandy  loam  or  fine  sand  that  extends  to  a  depth  of 
from  two  and  a  half  to  many  feet.  The  sand  subsoil  is  found  in 
areas  occurring  on  the  highest  knolls.  This  is  the  case  on  the 
highest  elevation.s  in  section  1  and  the  northeast  quarter  of  section 
S  in  the  eastern  half  of  Badger  township ;  and  through  the  center  of 
section  19,  in  Maza  township,  the  subsoil  is  in  part  a  very  clean  sand, 
near  the  medium  in  grade. 

This  type  is  confined  almost  entirely  to  the  eastern  half  of  the 
area,  where  it  forms  .=everal  bodies  of  more  than  a  square  mile  i" 
extent.  It  is  closely  associated  with  the  Clyde  loam  and  Marshall 
gravel,  and  occurs  most  commonly  in  small  bodies  surrounded  b>' 
the  former  type  anil  around  the  base  of  the  latter  as  a  graduation 
type. 

'J'lu-  surface  of  all  of  the  small  bodies  of  the  type  is  in  the  form 
iif  luw  knolls  or  ridges  with  a  gonlly  rounded  outline.  In  sections 
-!,  o  and  (i  of  Coolin,  and  section  1  of  Maza  township  it  occupies 
lliL'  iiilirvcniiig  depressions  a.s  well  as  the  elevations.     In  the  com- 
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paratively  large  areas  north  and  east  of  Cando  it  forms  hill 
considerable  height. 

Owing  to  the  elevation,  the  slope  of  the  surface,  and  the  pc 
character  of  the  material,  the  drainage  is  exceptionally  good. 

The  origin  of  this  type,  like  that  of  the  Clyde  loam,  is  believe 
l)e  associated  with  the  post-GIacial  drainage  of  the  region, 
frequently  underlaid  by  silt,  and  often  occupies  such  a  position 
reference  to  the  drainage  channels  as  to  suggest  its  having 
(lei:)osited  in  part  by  the  flood  waters  of  an  carHer  time.     It  is 
from  pebbles  and  glacial  boulders.     It  is  rich  enough   in  lim 
effervesce  freely  with  acid,  although  the  soil  particles  do  not 
I)ear  to  be  flocculated  to  any  great  extent.     Xo  crystals  of  gyp 
were  observed  in  this  soil. 

All  of  the  staple  crops  are  grown,  but  the  yields  are  appreci 
less  than  en  the  Clyde  loam,  and,  as  a  rule,  are  less  than  on 
Marshall   loam.     In   some  instances,  where  the  sand   formatio 
not  over  three  feet  in  depth  and  grades  into  silt,  the  crops  ar 
good  in  a  moist  year  as  on  either  of  the  oth^r  types.    But  the  n 
ture-holding  power  as  a  general  thing  is  less  and  the  soil  is  r 
aflfected  by  dry  weather.     On  the  average,  wheat  will  yield  i 
twenty  to  twenty-five  bushels  in  the  most  favorable  seasons, 
other  crops  proportionately.     Some  uniformly  good  crops  of 
were  observed  on  this  type,  but  the  yield  of  seed  is  not  so  1 
as  on  some  of  the  types  already  described.     For  the  productio 
com,  potatoes  and  garden  vegetables  it  is  the  best     type     in 
area,  because  it  is  a  warmer  soil,  but  it  can  never"  be  made  to 
duce  yields  of  the  small  grains  equal  to  those  of  the  heavier  t] 
One  essential  condition  to  the  production  of  corn  and  the  c 
crops  enumerated  is  frequent  cultivation  to  conserve  moisture. 
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The  following  table  gives  mechanical  analyses  of  tvpical  samples 
of  the  soil  and  subsoil  of  this  type : 

Mechanieat  analyses  of  Clyde  fine  sandy  loam. 
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MARSHALL  GRAVEL. 

The  soil  of  the  Marshall  gravel  is  a  dark-brown  or  black  sandy 
loan-,  eight  or  ten  inches  in  depth,  and  containing  a  considerable 
proixjrtion  of  coarse  sand  and  fine  gravel.  The  subsoil  consists 
of  loose  coarse  sand  and  gravel,  much  cross-bedded  and  several 
feet  in  depth. 

The  type  is  of  small  extent,  occupying  not  more  than  two  square 
iiulfs.  It  fonns  narrow,  elevated  bodies  at  widely  separated  points. 
Two  of  these  are  in  the  southeastern  and  southwestern  quarters  of 
the  area,  respectively,  and  a  third  and  the  largest  is  on  the  northern 
margin  north  of  Cando. 

The  Marshall  gravel  occurs  as  isolated  knolls  and  ridges,  and  is 
found  cajjping  the  highc.-it  elevations  in  the  area.  The  largest  area 
forN;s  a  large  hill,  the  general  surface  of  which  is  rolling. 

The  iirigin  of  llie  type  is  in  some  way  associatetl  with  the  glacial 
drain:!ge  of  the  region.  The  gravel  is  very  angular,  and  some  oi 
the  slrala  cimsist  of  nearly  pure  quartz  sand,  wliile  others  are  made 
up  largi'ly  nf  shrde  fragiucnts.  inchiding  an  occasional  large  boulder. 
In  t!:c  \i\>]Kr  pari  nf  the  beds,  immediately  beneath  the  sandy  soil, 
tie  mck  fragment';  are  heavily  coated  with  lime. 

The  surface  soil  is  t"0  shallow  and  the  soil  as  a  whole  too 
drniigluy  for  successful  crop  production,  and  although  most  of  it  is 
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n  cultivation  to  the  small  grains,  the  yields  are  small,  in  dry  seasons 
carcely  any  grain  being  obtained. 

CLYDE  CLAY. 

The  Clyde  clay,  from  eight  inches  to  two  or  three  feet  in  depth, 
s  a  black  clayey  loam,  very  rich  in  organic  ^matter,  with  surface 
Lccumulations  of  a  few  inches  of  nuick  in  some  places.  Beneath 
he  (lark  soil  is  a  very  light  colored,  often  nearly  white,  material 
hat  varies  from  a  heavv  pastv  clav  to  a  heavv  vsiltv  clav,  in  some 
istrmccs  mixed  with  sand  and  gravel,  althougli  the  last  is  of  in- 
recjuent  occurrence.  The  subsoil  usually  found  is  a  rather  heavy 
lay  that  becomes  more  silty  at  a  depth  of  three  or  four  feet.  In 
^nic  instances  the  clay  is  underlaid  with  sand.  Where  the  heavy 
lay  approaches  to  within  three  or  four  inches  of  the  surface,  so 
lat  it  interferes  with  cultivation,  it  is  called  **gumbo." 

The  Clvde  clav  is  scattered  throuirh  the  area  in  lx)dies  from  a 
:.»\v  rcxls  up  to  several  hundred  acres  in  extent.     It  is  associated 

ith  all  of  the  other  types  and  occupies  the  lowest  levels.  It  occurs 
long  coulees,  in  abandoned  stream  courses,  in  depressions  at  higher 
levations,  and  in  all  other  places  where  the  natural  drainage  is 
cry  defective. 

The  tv-^^e  owes  its  origin  to  its  low,  flat  surface,  which  is  often 
ish-shaped,  and  the  consequent  poor  drainage.     It  represents  areas 

here  the  surface  water  accumulates  and  where  the  small  amount 
f  fine  material  carried  in  susj;ension  has  been  deposited  from 
car  to  year  to  form  the  hne  clay.  In  this  material,  which  is  cov- 
red  by  water  to  a  dejith  of  several  inches  during  nnich  of  an 
verage  season,  many  water-loving  ])lants — mostly  grasses — gnnv 
I  great  luxuriance,  their  decaying  root^  and  slem^  accunuilating 
rom  year  t^>  year  and  with  the  annual  addili-^i  of  seiliment  forming 
,ie  rich  black  clay  loam  that  covers  the   i)  )ltnni  of  such  ])laces. 

!Most  oi  the  type  is  a  xirtiial  >\\anip  during  llie  e:ir!\  ])art  ^^^i  the 
cason,  and  in  wet  \ears  i.s  c;)vered  with  water  throiiL^li  tlie  whole 
ummer.  On  the  ma])  thi>  ])arl  y^\  the  l\])e  i^  :ie^ii::nated  bv  swamp 
yml>ols.  (Jther  parts  iliat  have  been  formeil  in  ilie  ^anie  wav,  but 
ver  which  better  drainai^e  has  been  eslalili^lud.  are  under  cultiva- 
ion.  The  largest  of  these  are  in  the  center  of  Maza  to\vn>hip,  and 
djoining  the  Big  Coulee  in  the  southwest  corner  of  Coolin  town- 
hip.  Tlie  soil  of  these  areas  is  a  heavv  black  clav,  to  which  the 
lame  "gumbo"  is   frequently  aj^plied.     A  large  part  of  this  tyi)e 
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may  be  cheaply  drained,  but  there  remain  other  considerable  bodies 
over  which  it  would  be  very  difficult  and  expensive  to  establish 
drainage,  because  of  the  lack  of  a  ready  outlet. 

Most  of  the  alkali  in  the  area  is  found  in  this  tj'pe.  The  salts 
are  apparently  accumulated  in  these  places  through  the  agency  of 
the  drainage  waters,  and  subsequently  concentrated  by  evaporation, 
which  in  some  seasons  is  relatively  great.  Heavy  crusts  of  salt 
often  form  on  the  borders  of  the  saturated  soil,  and  over  small 
areas  all  vegetation  is  killed.  The  water  in  sucli  depressions  is 
often  brackish,  and  in  some  places  more  so  than  in  others.  The  prob- 
lem of  drainage  and  cultivation  for  the  correction  of  alkali  soil  is 
discussed  tinder  "alkali  soils." 

Those  areas  of  the  Clyde  clay  with  a  fair  drainage  are  devoted 
to  the  production  of  grain,  and  in  seasons  of  moderate  rainfall  very 
large  yields  are  obtained.    In  very  wet  seasons,  like  the  present  one 
(190i),  the  crops  over  a  great  part  of  the  area  are  ruined  by  the 
excess  of  water.     If  properly  drained  and  well  cultivated  this  type 
will  produce  larger  yields  of  w^heat  than  any  of  the  other  types  in 
the  area.    Most  of  the  type  is  at  present  used  for  the  production  of 
natural  grasses,  which  in  the  average  season  furnish  nearly  all  the 
hav  used  in  the  area.     If  the  areas  do  not  become  dry  the  hav  can 
not  be  cut,  as  was  the  case  in  the  season  of  1904,  but  even  in  this 
case  a  large  quantity  of  hay  is  obtained  around  the  edges  of  the 
areas,  where  in  other  seasons  scarcely  anvthing  w'ould  be  harvested. 
The  fact  that  so  much  and  so  good  hay  is  obtained  from  these  wet 
places  inclines  the  farmer  to  retain  them  in  their  present  condition 
rather  than  to  put  them  under  cultivation,  especially  as  this  would 
generally  entail  considerable  expense  for  drainage. 
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The  following  taWe  gives  mechanical  analj'ses  of  typical  samples 
of  the  soil  and  subsoil  of  this  type : 

MirAaiiical  analyses  ofC/ydi-  clay. 
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ALKALI  SOILS. 

Except  in  a  few  instances,  the  condition  of  the  soils  of  the  area 
as  regards  excess  of  injurious  salts  is  not  serious,  and  under  proper 
methods  of  soil  management  will  never  affect  seriously  the  pro- 
ductiveness of  the  soils  in  this  part  of  the  state. 

While  there  is  a  considerable  quantity  of  alkali  through  the 
glacial  mantle,  and  while  in  a  truly  ariil  climate  and  with  careless 
irrigalii.n  the  cnndili.ns  ;ire  such  as  would  give  cause  for  alarm, 
the  rainfall  is  sufficient  fn  prevent  any  markcil  accumulation  of 
the  salts  within  tho  m.  i  ?i,ni>  nf  the  s^-il  .>ver  hy  far  the  ijrcator 
part  of  the  are:i.  and  wliat  aci-nnnilaiion  \\;\>  taken  ]ilace  is  confined 
mainly  to  locali/^cd  .-puts  in  ,-mall  depri'<.>i'in>,  <.>r  in  s'rnuwliat  larger 
areas  of  poor  drainage  'Ihc  sahs  f.iLnid  in  such  plaoc^;  have  been 
leached  from  tlie  sail  of  higher  lying  ;uv;i<  by  the  rain  water,  an.l 
have  been   retained   there  tiin-mrh   nb-irncled   drainage. 

A  few  places  were  ■.b>erved  ..n  \W  uiilan.|>  in  liie  viriniry  of 
some  of  the  larger  moraines  wlit-re  the  alkali  wa^  grailually  being 
leached  out  of  llie  glacial  material  and  brunght  to  ilie  surface  lower 
down,  on  the  gentk-r  pnrtion  of  the  slope,  but  the  most  important 
occurrences  of  the  alkali  salts  arc  confined  to  the  poorly  drained 
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areas  along  the  sloughs  and  coulees  and  in  the  vicinity  of  the  lake- 
lets. Among  the  more  imi)ortant  occurrences  may  be  mentioned 
the  lowlands  along  the  Big  Coulee  and  its  larger  tributaries,  a  small, 
irregular  area  west  and  northwest  of  Maza,  a  tract  around  Hurri- 
cane Lake,  and  a  small  area  about  four  and  a  half  miles  nortfi  of 
Cando.  Other  small  areas  are  found  in  various  parts  of  the  east- 
ern half  of  the  survev.  As  alreadv  stated,  the  alkali  in  this  area  ' 
nearly  always  occurs  in  small  spots  and  patches,  which  usually 
mark  places  of  obstructed  drainage. 

The  alkali  in  this  area  owes  its  origin  to  the  grinding  down  by 
glacial  action  of  the  various  silicate  rocks  that  lay  in  the  path  of  the 
ice  sheet.  Iimumerable  rock  fraginents  are  found  scattered  all 
over  the  country,  aud  range  in  size  from  small  pebbles  to  boulders 
weighing  many  tons.  Rocks  containing  the  lime,  soda  and  potash 
feldspars  predominate,  while  scattered  here  and  there  arc  found 
many  of  the  more  bnsic  igneous  rocks,  such  as  diorites,  diabases, 
gabbros,  and  various  members  of  the  peridotite  group.  It  is  doubt- 
less true  that  from  the  comminution  of  these  basic  igneous  exten- 
sions much  of  the  sulphur,  relatively  so  abundant  in  the  soil  in  the 
form  of  sulphates,  is  derived. 

^.Icst  of  the  salts  in  the  Cando  area  arc  in  the  form  of  sulphates. 
Samples  from  the  worst  alkali  spots  when  analyzed  by  the  bureau 
of  soils  showed  that  no  sodium  carbonate  was  found ;  neither  was 
any  detected  by  titrations  made  in  the  field.  The  sulphites  ot 
calcium,  potassium,  sodium,  magnesium  and  the  bicarbonates  of  the 
last  three,  constitute  the  j^rincipal  salts.  Some  sodium  chloride, 
or  comnion  salt,  is  present,  but  none  of  the  analyses  showed  as 
nmch  as  V2  per  cent  of  the  total  salt  to  be  sodium  cliloride,  while 
there  was  often  .^o  per  cent  of  the  sulphates.  Most  of  these  salts 
are  s;)hib!e  in  water,  the  principal  exception  being  that  of  calcium 
5ul{)hate.  or  gypsum,  which  is  relatively  insoluble. 

While  the  soluble  salts  of  this  area  are  distributed  throughout  the 
whole  mass  of  the  soil,  it  is  interesting  to  note  the  total  absence  of 
harmful  amounts  <»f  alkali  in  the  surface  of  nearly  all  the  well- 
ilrainc^l  upland  soils.  This  is  especially  true  in  the  ciise  of  the 
Marsliall  loam.  The  Clyde  loam  usually  contains  more  salt  than 
any  otb.er  typo  in  the  area,  excej)t  the  clay  loam  along  the  coulees 
and  slniinrii.;.  In  all  the  well-drained  areas,  where  the  alkali  is  at 
all  ncticeal)le  the  amount  always  increases  with  depth.  Cultiva- 
tion, cropping  and  surface  leaching  have  removed  the  excess  from 
the  surface  a  tew  inches.     Excessive  accumulation  has  been  largely 
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kept  in  check  by  the  nature  of  the  crops  grown — crops  that  tend 
to  allow  the  least  possible  amount  of  evaporation  during  the  grow- 
ing season ;  by  the  large  amount  of  humus  in  the  soil,  which  creates 
humic  acids  that  tend  to  neutralize  the  alkalinity  of  the  soil ;  by 
summer  fallowing,  which  inverts  the  soil  and  places  next  to  the 
subsoil  any  excess  of  salts  that  may  have  accumulated  on  the  sur- 
face, and  by  the  spasmodic  nature  of  the  rainfall,  which  occasionally 
comes  as  cloudbursts  and  flushes  from  the  surface  the  alkalies  that 
have  been  deposited  by  cvaporaticm. 

Near  the  coulees  and  sloughs  and  in  all  the  poorly  drained  areas 
in  the  survey  the  distribution  of  the  alkali  in  the  soil  is  different 
from  its  distribution  on  the  higher  levels.  Here  cvai>oration  causes 
the  salts  to  accumulate  on  the  surface,  and  many  places  are  scon 
in  tliesc  lowlands  where  plants  arc  either  dead  or  dying. 

The  accom|)anying  table  sliows  the  amount  of  salt  to  incrca«^e 
Avith  depth.  Ijorings  Xos.  ir;,  IT)  and  'JO  were  taken  in  ])<)orly 
drained  areas  where  evaporation  had  deposited  considerable  salt 
near  the  surface. 

Tad/e  showifij^  disiribuiiofi  of  suits  in  soil  as  found  in  Cando  area. 

North  Dakota. 
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In  the  more  inijiortruit  alkali  areas  aloni:^  the  sloughs  and  coulees 
surface  drainage  should  Vk  resorted  to  wlurover  ])os>il)le.  l^'n.'lcr- 
drainagc  is  usually  im])ractical)K'.  and  in  most  cases  unnecessary, 
because  the  only  rc([ui>ile  is  tliat  tlie  salts  W  kc])t  hclow  the  /one 
of  root  action,  and  go  xl  surface  (Irainage,  with  iler])  and  thorough 
cultivation,  acconipli^lu'^  thi-  result,  tlir  crops  of  the  area  being 
for  the  most  ])art  shallow  roofed. 
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The  region  is  devoted  almost  exclusively  to  grain  production,  and 
of  the  grains  si)ring  wheat  is  far  in  the  lead  in  acreage  and  total 
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yield.     It  is  the  staple  money  crop.     The  other  crops  grown  are 
barley,  oats,  flax,  cmmer  (spcltz),  hay,  and  a  very  little  com,  and 
some  millet.    The  wheat,  flax  and  part  of  the  barley  are  marketed, 
and  the  remainder  of  the  grains  and  the  hay  are  fed  on  the  farm. 
The  hay  is  almost  all  derived  from  the  swampy  places  mapped  as 
the  Clyde  clay.     A  little  smooth  brome  grass  is  grown,  but  its  in- 
troduction was  recent,  and  it  is  confined  to  a  number  of  small  areas 
that  are  chiefly  experimental.    It  appears  to  be  adapted  to  the  soil 
and  climate,  and,  as  it  is  both  a  good  hay  and  pasture  grass,  the 
acreage  will  undoubtedly  be  greatly  increased.    It  does  best  on  the 
Clyde  loam  and  fairly  well  on  the  Marshall  loam. 

For  wheat,  and  in  fact  for  any  of  the  grains,  as  much  of  the  land 
as  possible  is  plowed  immediately  after  harvest,  as  owing  to  the 
s'hort  season  there  is  none  too  much  time  in  the  spring.    The  depth 
is  from  five  to  seven  inches,  except  in  breaking  the  prairie  sod, 
when  onlv  two  or  three  inches  of  the  soil  is  turned.     Tlie    fall- 
plowed  land  is  generally  left  in  the  rough  condition  through  the 
winter,  but  a  few  farmers  harrow  down  their  land  as  fast  as  plowed, 
and  repeat  the  process  as  often  as  time  will  permit.     They  claim 
profitable  results  from  the  practice.    In  the  spring  the  plowed  land 
is  worked  into  condition,  and  as  early  as  the  season  will  permit- 
in  the  latter  part  of  April  or  in  May — the  seed  is  sown.    The  thor- 
oughness with  which  the  seedbed  is  prepared  varies  greatly  with 
dilTercnt  farmers  and  in  difl'erent  seasons,  but  it  is  generally  known 
that  the  niore  care  and  tin:e  bestowed  in  this  preliminary  work 
the  better  the  crop  returns  will  be,  especially  if  the  season  be  an 
unfavorable  one.     Wheat  is  seeded  first,  and  the  other  crops  in 
the  order  of  their  importance  to  the  particular  farmer.     Oats,  em- 
ir.er  and  flax  require  a  comparatively  long  season,  while  barley  will 
mature  much  more  quickly.     As  a  consequence  a  greater  acreage 
of  barley  is  sown  in  wet  years,  when  the  season  has  become  late 
for  sowing-  the  other  grains.     It  is  often  sown  in  sloughs  and  wet, 
cold  places  in  the  other  grain  fields,  where  it  alone  will  be  able 
to  mature. 

Xo  well-establi^lied  rotation  is  practiced,  though  many  farmers 
have  a  succession  that  they  prefer  and  follow  as  far  as  the  seasonal 
conditions  will  permit,  (.^n  new  land  barley  or  flax  is  the  first 
croi>,  f«'Ilowing  which  wheat  is  grown  for  two  or  three  years.  Bar- 
lev  or  llax  mav  follow,  and  in  turn  be  succeeded  bv  oats.  After 
o:ils   neither  wl'.eat  nor  barley  a])pears  to  do  very  well,  and  flax 
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gives  the  best  results.  Where  summer  fallowing  is  practiced  it 
should  follow  oats. 

Summer  fallowing  is  practiced  to  a  considerable  extent,  the  land 
being  plowed  late  in  summer,  when  most  of  the  weeds  arc  in 
bloom.  The  two  objects  that  guide  this  practice  are  to  permit  the 
land  to  rccu^x^rate  and  to  destroy  weeds.  For  the  latter  purpose 
frequent  harn.nving  during  the  season  is  essential,  and  this  practice 
also  has  the  advantage  of  conserving  moisture.  It  is  also  recognized 
that  a  thoroughly  cultivated  crop  like  corn  or  j^otatocs  gives  eciually 
as  good  or  better  results  in  the  succeeding  grain  croj)  as  falKnving. 

]Jy  tlie  best  farmers,  cuhivatc(l,  fallow cd  and  new  land  is  sown 
in  wheat,  and  after  fallowing  wheal  is  s..)melinies  gn)wn  I'^r  two  or 
three  seasons  in  succession.  (  )ats  and  barley  are  largely  utilized 
lo  free  lands  from  weeds  by  overtoj)ping  and  smothering  tlieni  with 
their  leafy  growth.  (.)ats  and  emnier  are  sonu'times  sown  t  )gelher 
f(ir  feed,  hjumer  yields  as  nuich  as  seventy-five  bushels  j)er  acre, 
but  is  very  light  and  chatiy,  and  in  yield  of  grain  does  not  materially 
exceed  some  of  the  other  cr^ips  like  barley.  Some  macaroni  wheat 
is  sown,  and  this  crop  is  growing  in  favor.  A  careful  farmer  who 
has  had  experience  with  it  estimates  that  in  a  dry  sea.son  macaroni 
wheat  will  exceed  the  common  wheat  in  yield  by  about  one-third. 
In  other  seasons  the  yields  ate  about  the  same. 

Wheat  and  other  grains  are  cut  with  binders  and  thrashed 
from  the  shock.  The  stubble  is  cut  high,  and  when  sufliciently  thick 
is  burned,  after  the  shocks  have  been  removed,  to  kill  weeds.  Two 
species  of  mustard,  sunllower,  foxtail  and  a  number  of  other  weeds 
become  very  troublesome  in  the  grain  fields. 

\'ery  little  corn  is  grown,  and  this  is  frecjuently  injured  by  early 
frost,  although  in  some  years  mature  grain  is  obtained.  The  prin- 
cipal use  of  corn  is  as  f  »diler.  but  its  harvesting  c<.)ntlicts  with  that 
of  the  small  grains,  and  on  the  same  farm  the  latter  are  given  the 
jjreference.  The  c  -rn  >^/.<»;iM  In-  plante-l  on  the  lighter,  sandv  soils, 
care  being  given  u*  maintain  the  moistnre  >np]ily  hy  fre([ncnt  culti- 
vation. 

Potatoes  are  .L:r<'\\n.  hiit  «  nly  for  honie  u<e.  The  tnlu-rs  are 
large,  smooth  and  of  tmr  (jMa;::\.  I'olj.iuing  ]i>;a'<H-s.  ver\-  lar^^e 
crc»ps  of  grain  are  'ht  linr-l. 

Cattle  and  hog  rai-in-^  i-  euitincd  f  a  few  farmers,  '['he  cattle 
are  of  the  beef  t\])e,  excejit  a  few  that  furnish  the  local  dairv 
supplies.  The  native  j^rairie  is  used  for  pasture,  and  swamp  hay 
and  ground  small  grains  are  fed  in  winter.     The  great  bulk  of  the 
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feed  is  consumed  at  home  bv  the  nianv  horses  that  are  necessan- 
in  farming  operations. 

Except  on  a  few  of  the  best-managed  farms,  the  manure  from 
the  stables  is  not  appHed  to  the  land,  though  largely  increased  crop 
returns  are  realized  from  its  use. 

The  moisture  conditions  determine  the  crop  yields  in  this  region, 
and    those   practices    that    concentrate   the    most   moisture    within 
reach  of  the  plant  roots  give  the  best  results.    It  is  best  to  plan  the 
management  of  the  land  with  reference  to  dry  seasons,  since  they 
are  of  more  frequent  occurrence,  and  in  the  wet  years  the  same 
];ractices  will  give  good  results,  though  not  much  larger  yields  than 
result  from  less  thorough  methods  under  the  prevailing  conditions. 
Plowing  to  a  depth  of  from  six  to  eight  inches  provides  a  larger 
reservoir  for  moisture  storage  than  shallower  plowing  and  gives 
a  larger  space  through  which  the  plant  roots  may  readily  distribute 
themselves.      The  under  part  of  the  furrow  slice  should  be  well 
packed  down,  so  that  it  will  be  in  close  contact  with  the  unturned 
soil,  which  process  aids  in  the  distribution  of  water  downward  in 
tin:es  of  rain,  hastens  the  decay  of  organic  matter  and  permits  the 
plant  roots  to  extend  below  the  depth  of  plowing.    The  deeper  the 
rooting  the  better  can  protracted  drought  be  withstood.     It  should 
be  the  aim  to  get  into  the  soil  all  of  the  water  that  falls  and  to  re- 
tain    it     there    until    it  can  be  taken  up  by  the  plants.     To  retain 
moisture  the  surface  should  not  be  left  hard,  rough  or  exposed  any 
longer  than  is  absolutely  necessary.     It  is  desirable  to  plow  the 
land  or  disk  the  surface  to  the  condition  of  a  mulch  as  soon  as  the 
croj)  is  removed,  and  if  plowed  it  should  be  immediately  worked 
down,  and  the  surface  kept  Icx^sc  and  fine  by  the  use  of  a  shallow 
h.arrow.     This  applies  particularly  to  fallow  and  fall  plowing.     It 
is  said  by  some  farmers  that  a  loose,  smooth  surface  in  winter  per- 
mits the  fine  top  soW  to  blow  and  the  snow  to  be  carried  away  by  the 
wind.     If  surface  cultivati<"»n  is  practiced  as  soon  as  the  soil  is  suf- 
ficiently dry  not  to  puddle,  the  blowing  will  be  prevented.     The 
blcnvinq-  of  the  snow  does  remove  some  moisture,  but  while  it  is 
melting  the  surface  oi  tb.e  ground  is  frozen,  so  that  a  comparatively 
Mr.all  amount   enters  the  soil,  and  is  more  than  balanced  by  the 
aironni  conserved  by  summer  cultivation.     It  might  be  found  ad- 
vi'=;al)Ie  in  sr.irc  year>  to  n»iior]ion  the  surface  of  the  ground  late 
in  the  fall,  so  that  it  would  hold  the  snow. 

It  is   rec<\criiized  tliat  even   in  dry   seasons  those  crops  that  are 
ci:ltivated  seld«»:n  fail  to  make  a  p^od  gro\\-th.     This  is  largely  be- 


SOIL  SURVEY   OF  THE  CANDO  AREA  81 

cause  evaporation  from  the  surface  is  checked  by  the  loose  top  soil. 
Spring  harrowing  of  the  grains  is  practiced  on  at  least  two  farms 
in  the  area  wirii  good  results.  The  practice  may  be  continued  until 
the  plants  begin  to  joint  or  reach  the  stage  when  they  completely 
shade  the  ground. 

All  of  the  above  practices  for  the  accumulation  and  retention  of 
moisture  are  to  be  recommended,  but  it  is  recognized  that  it  will 
not  always  be  practicable  to  apply  them  completely.  Their  use 
must  be  governed  by  the  question  of  economy  in  each  case,  but  it  is 
believed  that  if  more  attention  be  paid  to  the  conservation  of  mois- 
ture considerably  increased  profits  will  result  on  many  of  the  farms 
of  the  area. 

AGRICULTIRAL   CONDITIONS. 

The  farmers  of  the  Cando  area  are  generally  in  a  fairly  |)n)sj)cr(>ns 
condition.  The  number  of  really  gix^d  houses  is  not  large,  although 
many  of  the  farms  have  large,  substantial  barns,  and  within  the 
last  three  years  many  fine  farm  buildings  have  been  erected.  On 
the  remaining  farms  the  buildings  are  the  primitive  **shacks"  of 
the  homesteading  settler.  Much  machinery  of  modem  patterns  is 
used,  and  the  horses  and  other  live  stock  are  of  good  types.  The 
acreage  of  improved  land  is  increasing,  and  the  value  of  farm  land 
has  risen  rapidly  in  the  last  five  years.  Much  of  the  debt  in- 
curred only  a  few  years  ago  in  establishing  new  farms  is  being 
liquidated,  and  the  amount  of  land  oflFered  for  sale  is  constantly  de- 
creasing. The  value  of  land  ranges  from  about  $10  an  acre  for 
tlie  most  remote  prairie  to  $35  or  $40  for  the  cultivated  land  near 
the  shipping  points. 

According  to  the  census  of  1900,  7G  per  cent  of  the  farms  in 
Towner  county  are  operated  by  the  owners,  and  that  figure  prob- 
ably represents  conditions  in  the  area  surveyed.  Renting,  where 
practiced,  is  usually  on  a  basis  of  a  share  of  the  crops,  the  propor- 
tion being  one-half  of  the  t^rains  thrashed  where  ihc  owner  of 
the  land  furnishes  half  the  seed  and  pays  half  of  the  tlireshing 
bill.    At  least  one  large  farm  is  operated  by  a  resident  manager. 

The  average  size  of  farms  in  the  county  in  lOoo  was  *2S|)  acres, 
but  the  average  in  the  area  surveyed  will  i)rol)al)ly  exceed  that 
figure  considerably.  A  large  number  of  farms  contain  from  300 
to  500  acres  each,  several  exceed  1,000  acres,  three  or  four  exceed 
S,500  acres,  and  one  contains  4,300  acres.    Land  is  handled  on  the 
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basis  of  the  quarter  section  of  160  acres  as  a  unit,  and  the  price  L 
often  quoted  by  the  "quarter." 

A  large  amount  of  labor  is  required  during  part  of  the  year  when 
crops  are  being  seeded  and  harvested,  while  at  other  times  only  a 
few  men  are  employed.  To  meet  this  irregular  demand  large 
numbers  of  men  are  imported  from  other  sections  of  the  country. 
Those  employed  through  the  year  are  engaged  by  the  month  at  a 
wage  of  from  $35  to  $35.  Ordinary  labor  is  paid  from  $2  to  $3, 
and  where  skilled  mechanics  are  employed  their  wages  exceed  these 
figures.     Subsistence  is  also  furnished  to  those  employed. 

All  of  the  cultural  operations  are  performed  on  an  extensive 
scale,  and  each  man  is  expected  to  handle  wide-cutting  implements 
and  from  three  to  eight  horses.  Plowing  is  done  with  a  double 
gang  plow  drawn  by  five  or  six  horses.  Four  horses  are  used  in 
the  ordinary  binder,  six  in  the  rear-draft  binders  and  headers,  and 
four  in  the  seeders. 

The  four  grains,  wheat,  flax,  oats  and  barley,  occupied,  in  1900, 
99  per  cent  of  the  area  of  all  cultivated  crops,  with  relative  acreages 
as  follows :  Wheat,  62.8 ;  flax,  14.5 ;  oats,  13.9 ;  and  barley,  7.9 
per  cent.  Since  that  date  there  has  probably  been  a  relative  de- 
crease in  the  acreage  of  flax.  Hay  is  produced  from  the  swamp 
land  and  is  a  natural  growth.  Thirty-four  per  cent  of  the  total 
value  of  farm  products  is  placed  on  the  market,  the  remainder 
being  fed  to  live  stock. 

Since  wheat  is  the  principal  product  in  the  area,  it  is  of  interest 
to  know  the  cost  of  producing  a  bushel  of  this  grain.  On  one 
of  the  largest  farms,  where  accurate  records  of  operations  and 
expenses  had  been  kept  for  a  series  of  ten  years,  the  average  yield 
per  acre  was  ascertained  to  be  about  twenty  bushels,  and  the  cost 
of  proiluction  and  marketing,  aside  from  a  charge  for  rent  on  the 
land,  amounted  to  41  cents  a  bushel  when  1,000  acres  or  more 
were  grown,  and  nearly  47  cents  when  less  than  500  acres  were 
grown.  As  this  farm  is  probably  more  carefully  managed  than 
llie  average  farm,  the  cost  of  production  is  below  and  the  yield 
above  the  average  for  the  area.  The  soil  on  this  farm .  is  mainly 
the  Clyde  loam,  with  small  bodies  of  Clyde  fine  sandjy  loam  in- 
cluded. 

Xo  attention  is  paid  to  the  adaptation  of  soil  to  crops.  Crops 
arc  grown  wherever  the  conditions  will  permit  a  fair  growth  to 
be  obtained.     The   vields   are   larjTfclv   influenced   bv  the   seasonal 
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moisture  conditions,  and  the  same  land  does  not  return  the  same 
yield  year  after  year.  The  heavier  lowland  soil,  embraced  chiefly 
in  the  tvpe  Clyde  loam,  is  the  most  productive  for  the  grains.  As 
a  rule,  flax  succeeds  best  on  the  same  type  of  soil,  but  in  some 
places  it  is  so  damaged,  it  is  thought,  by  the  excess  of  lime  in  the 
soil  that  its  growth  is  uneven. 

As  the  region  becomes  more  intensely  cultivated  the  need  of 
additional  crops  will  be  realized.  Rape  and  root  crops  grow  well 
on  tlie  heavier  types,  and  corn  and  vegetables  do  best  on  the  heavier 
parts  of  the  sandy  loam.  It  may  be  found  that  leguminous  crops 
and  athlitional  grasses  can  be  produced;  Some  excellent  growths 
of  white  clover  have  been  observed.  These  crops  will  l)e  useful 
only  should  the  raising  of  live  stock  become  more  important. 

The  Great  Northern  Railroad,  with  the  St.  John  branch  line, 
affords  the  only  facilities  for  transportation  of  the  products  of  the 
area  to  the  markets,  which  for  all  of  the  principal  crops  are  beyond 
the  border  of  the  state.  The  country  road  system  is  rectangular 
with  a  road  legally  on  eacli  section  line,  though  in  reality  the  roads 
are  not  so  frequent,  because  the  present  population  is  not  suffic- 
iently dense  to  utilize  so  complete  a  system,  while  on  many  of  the 
lines  there  are  barriers  to  travel  that  can  only  be  removed  at  large 
expense.  The  main  roads  through  the  county  are  improved  by 
grading  and  bridges,  but  none  of  them  is  surfaced.  Most  of  the 
heavy  hauling  of  grain  and  of  supplies  for  remote  points  is  done 
in  the  winter  when  the  ground  is  frozen. 

Since  the  population  is  essentially  an  agricultural  one,  or  depend- 
ent on  agricultural  interests,  it  necessarily  follows  that  the  local 
market  for  produce  is  very  small.  The  grain  goes  east  to  the  mills 
and  to  distributing  points,  and  most  of  the  supplies  come  in  from 
the  sanie  source.  There  are  ten  elevators  at  Cando  and  four  at 
Maza,  through  which  the  grain  is  handled.  Most  of  it  is  sold 
directly  to  the  elevator  c(»mj)anies,  but  the  fanner  may  ship  his  own 
grain,  in  which  case,  at  a  cost  of  11  j  to  2  cents  a  bushel,  the  elevator 
will  receive,  store  to  a  limit  of  fifteen  days,  and  i)lace  cm  lH)ar(l 
cars.  Storage  charges  are  1  cent  i)er  bushel  per  month  for  short 
periods  and  a  less  rate  for  a  longer  time. 


SOIL  SURVEY   OF  THE  CARRINGTON   AREA,   NORTH 

DAKOTA. 

By  a.  E.  Kocher  and  Lewis  A.  Hurst. 


LOCATION  AND  BOUNDARIES  OF  THE  AREA. 

The  Carrington  area,  comprising  parts  of  Griggs  and  Foster 
counties,  lies  in  the  east-central  part  of  North  Dakota,  between 
meridianis  98  degrees  and  99  degrees  15  minutes  west  longitude,  and 
parallels  47  degrees  19  minutes  34  seconds  and  47  degrees  30  min- 
utes north  latitude.  The  area  is  rectangular  in  shape,  extending 
twelve  miles  north  and  south  and  sixty  miles  east  and  west,  and 
contains  460,800  acres,  or  720  square  miles,  of  which  432  square 
miles  are  within  the  limits  of  Foster  county  and  288  square  miles  in 
Griggs  county.  It  embraces  townships  145  and  146  north  and 
ranges  58  to  67  west,  inclusive. 

HISTORY  OF  SETTLEMENT  AND  AGRICULTURAL  DEVELOPMENT. 

Agriculture  in  the  Carrington  area  had  its  beginning  in  1880, 
when  the  first  permanent  settlement  was  made  near  the  present 
site  of  Cooperstown.  In  1882,  when  Griggs  county  was  organized, 
with  Cooperstown  as  its  county  seat,  many  immigrants  from 
southern  Michigan  settled  in  the  eastern  part  of  the  area.  The  fol- 
lowing year  settlement  was  greatly  encouraged  by  the  completion 
of  the  United  States  survey  of  the  public  lands  and  the  building  of 
branch  lines  of  the  Northern  Pacific  Railway  from  Sanborn  to 
Cooperstown  and  from  Jamestown  to  Carrington.  During  this 
year  the  towns  of  Carrington  and  Melville  were  founded  by  people 
from  the  east. 

An  industrious  class  of  Norwegians,  Danes  and  Swedes,  a  few 
years  later,  settled  in  the  region  west  of  Cooperstown,  and  have  been 
an  iniix)rtant  factor  in  the  development  of  the  central  part  of  the 
area. 

From  the  beginning  of  agricultural  operations  in  Foster  county 
extensive  tracts  of  land  have  been  held  by  individuals  or  by  private 
corporations.     One  of  these  large  holdings,  near  Bordulac,  has  an 
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area  of  10,000  acres  under  cultivation.  Aside  from  this,  only  a 
small  proportion  of  the  public  lands  west  of  the  James  river  had 
been  taken  up  prior  to  189C,  but  during  that  year  and  in  1898  many 
home  seekers  from  Iowa  and  Indiana  came  into  the  area,  and  most 
of  the  unbroken  prairie  between  Carrington  and  the  river  was  put 
in  cultivation.  Also  about  this  time  a  thrifty  class  of  Turks  and 
Russians  settled  in  the  southwestern  corner  of  the  area,  among  the 
foothills  of  the  Missouri  Plateau,  and  during  their  brief  occupation 
of  the  land  they  have  clone  much  to  increase  the  valuation  of  what 
was  hitherto  considered  a  very  inferior  soil. 

In  the  early  days  the  farming  class  was  not  so  prosperous  as  in 
succeeding  years,  due  mainly  to  the  crude  and  inelTectual  methods 
practiced  during  the  seasons  of  excessive  drought.  Since  then  all 
farm  methods  have  undergone  a  material  change.  The  snKX)th- 
ing  harrow  and  the  old-fashioned  broadcast  seeder  attached  behind 
a  wagon  and  drawn  across  the  field  have  been  rq)lace(l  by  the 
5pring-tooth  harrow  and  the  modern  press  drill.  These  implements 
it  has  been  found,  make  the  seed-bed  firm  and  conserve  the  soil 
moisture  better,  lessening  the  damage  caused  by  long  periods  of 
drought. 

Wheat,  flax  and  oats,  the  crops  which  held  first  place  in  the  ro- 
tation twenty  years  ago,  are  still  the  dominant  crops  of  the  area. 
There  is,  however,  a  decided  tendency  to  introduce  some  new  crops. 
Corn,  a  needed  cereal,  is  beginning  to  be  grown,  and  alfalfa,  clover 
and  the  tame  grasses  have  been  lately  introduced  with  success. 

CLIMATE. 

The  climate  of  the  area  is  quite  varied.  In  the  winter  the  tem- 
perature sometimes  falls  to  50  degrees  below  zero,  while  in  the 
summ.er  it  has  \yecn  recorded  as  high  as  107  degrees,  giving  an  ex- 
treme range  of  157  degrees.  The  summer  months  are  usually  very 
pleasant,  the  temperature  rarely  rising  above  DO  degrees,  and  the 
nights  are  usually  cool. 

The  spring  and  fall  months  are  usually  characterized  by  high 
winds,  which,  Ix^ginniiig  in  the  morning,  increase  in  force  until 
about  2  o'clock  p.  m.,  then  gradually  slacken  and  abate  with  the 
setting  of  the  sun. 

There  is  only  one  weather  bureau  station  within  the  area,  which 
is  located  at  Melville,  but  for  purposes  of  comparison  the  records 
of  the  Jamestown  and  Devils  Lake  stations  are  also  given. 
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The  following  table  shows  the  normal  monthly  and  annual  tem- 
perature and  precipitation: 

Normal  monthly  and  annual  temperature  and  precipitation . 


MeWille 

DeTlla  Lake 

Jam«»stown 

Month 

Temper- 

Precipi- 

Temper- 

Precipi- 

Temper- 

Precipi- 

ature— 

tation- 

ature  — 

tation— 

ature— 

tation- 

De«.  F. 

Inches 

DeflT.  F. 

Inohei 

Deff.F. 

Inches 

January 

12.0 

0.12 

8.0 

0.27 

9.0 

03.0 

February 

6.0 

.12 

4.0 

.60 

9.0 

5.6 

March 

260 

.82 

17.0 

1.06 

19.0 

10  0 

April 

43.0 

.85 

41.0 

.05 

42.0 

22.1 

May 

56.0 

1.80 

52.0 

1.68 

58.0 

29.8 

June 

62.0 

7.80 

640 

8.38 

65.0 

42.1 

July  

62.0 

2.08 

69.0 

4.12 

70.0 

22.4 

August 

64.0 

.20 

65.0 

2.84 

67.0 

12.8 

September 

54.0 

1.46 

50.0 

.57 

58.0 

9.8 

October 

43.0 

2.10 

42.0 

1.84 

46.0 

18.9 

November 

26.0 

.20 

28.0 

.85 

22.0 

12.5 

December 

11.0 

.25 

10.0 

.20 

16.0 

7.4 

Year 

38.8 

16.25 

88.2 

17.36 

89.7 

19.69 

.Notwithstanding  that  the  normal  annual  rainfall  is  rather  lights 
especially  as  recorded  at  the  Melville  station,  the  fact  that  such  a 
large  proportion  of  it  comes  in  the  growing  season  usually  makes 
the  amount  sufficient  for  crop  production. 

According  to  the  records  of  the  above  station,  one-half  of  the 
normal  annual  precipitation  for  the  last  seven  years  has  fallen  during 
the  months  of  May  and  June,  and  the  total  normal  precipitation 
from  November  1  to  April  1  has  been  only  1.01  inches.  Though 
these  figures  are  somewhat  more  striking  than  those  presented  by 
the  Devils  Lake  and  Jamestown  stations,  and  may  perhaps  exag- 
gerate to  some  extent  the  conditions  in  the  eastern  part  of  the  area, 
they  emphasize  the  fact  that  the  average  snow  fall  of  the  region  is 
very  light  indeed. 

From  data  relating  to  the  dates  of  the  last  killing  frosts  in  spring 
and  the  first  in  fall,  as  afforded  by  the  records  of  the  same  weather 
bureau  stations,  the  average  date  in  spring  is  shown  to  be  May  28 
and  in  fall  September  12.  The  average  length  of  the  growing 
season,  based  on  frost  occurrences  during  the  last  seven  years,  was 
ion  (lays  at  Melville  and  Jamestown  and  109  days  at  Devils  Lake. 

PITYSUX}R.\PHV    AXD   GEOLCKJY. 

The  topograj^hic  features  of  the  Carrington  area  are  those 
cl'.aractcri.stio  ()f  glaciated  regions.  Two  extensive  systems  of  mo- 
raiiirs,  extend ing  in  a  northerly  and  soiulierly  direction,  divide  the 
area   into   three   distinct   and   comparatively   level  tracts.      One  of 
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these  moraines,  occurring  in  the  vicinity  of  Cooperstovvn,  has  an 
average  width  in  the  area  of  about  four  miles,  ahhough  jusi  be- 
fore crossing  the  northern  boundary,  its  course  becoming  east  and 
west  causes  it  to  occupy  the  northern  tier  of  sections  in  both  Coop- 
erstown  and  Clearfield  townships.  In  this  locality  the  topography 
is  rough  and  broken,  the  hills  rising  abruptly  from  the  plains  to 
a  height  of  thirty  to  100  feet.  South  of  Cooperstown  the  morainic 
belt  becomes  narrower  and  the  hills  less  pronounced. 

East  of  this  region  to  beyond  the  limits  of  the  area  extends  a 
gently  undulating  plain,  through  which  the  sluggish  Sheycnne 
river  crosses  the  area  from  north  to  south.  Here  the  valley,  cut 
in  glacial  times,  has  an  average  width  of  about  one-half  mile,  and 
lies  100  feet  or  ir.ore  below  the  level  prairie.  With  the  exception 
of  one  big  bend  the  course  of  the  river  in  the  main  is  straight,  but 
its  feeble  current  along  the  level  bottom  causes  it  to  wind  from 
side  to  side  of  the  valley.  In  the  southern  part  of  the  valley  are 
several  old  channels  marked  by  sloughs  and  shallow  lakes,  through 
which  the  river  still  flows  in  times  of  high  water. 

Tlie  second  and  more  important  moraine  is  found  just  east  of  the 
center  of  Foster  county,  where  it  occupies  probably  100  square  miles 
of  the  area.  Geologically  this  region  is  known  as  the  fourth  or 
Kiester  moraine,  and  is  of  interest  in  that  it  forms  the  high 
walls  of  the  glacial  valley  of  the  James  river.  Although  about 
equal  parts  of  this  moraine  lie  on  each  side  of  the  river,  yet  in 
surface  features  they  present  a  striknig  contrast.  East  of  the 
river  for  about  four  miles  the  countrv  consists  of  rounded  hills  and 
low  ridges,  separated  from  each  other  by  gently  sloping  tracts.  The 
altitude  varies  from  1,^)00  to  L-'iliO  feet  above  sea  level  and  from 
twenty  to  sixty  feet  above  the  prairie  to  the  east.  West  of  the 
river  the  surface  of  the  first  two  miles  is  rcMip^li  and  broken  in  the 
extreme.  11ie  elevation  varies  from  1,')*^')  foct.  the  level  of  the 
prairie,  in  !l,GyO  f^et  near  tlie  nortlicrn  limit  of  the  area.  The  valley 
of  the  river,  with  an  autitude  of  1,l.*'0  feet,  lies  about  100  feet  be- 
low the  level  of  the  i)rairie  and  'ji'.^)  fret  hclow  the  summit  of  the 
moraine. 

East  of  the  James  river,  between  the  two  morainic  bells  already 
described,  there  is  a  ij^ently  rollini^  ])lain  ciMistitutiiii^"  about  one-third 
of  the  entire  area  map])ed.  Near  its  eastern  edge  this  plain  is 
cut  in  a  southeasterly  direction  by  the  deq>  channel  of  the  Baldhill 
creek.     At  the  present  time  this  stream  is  small  and  unimportant, 
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but  when  the  glacier's  edge  stood  a  few  miles  to  the  north,  where 
now  the  moraine  belt  is  found,  a  mighty  river  hurried  down  its 
course,  cutting  out  the  broad,  deep  valley  with  the  water  from  the 
ice. 

The  remaining  great  physical  division  of  the  area  extends  west- 
ward from  the  moraine  along  the  James  river  to  the  foot  of  the  Mis- 
souri Plateau,  of  which  the  outlying  hills  of  Hawks  Nest  just 
touch  the  southwestern  comer  of  the  area.  This  broad  plain  is 
characterized  by  a  slightly  rolling  surface,  marked  in  the  western 
part  by  the  intermittent  channel  of  Pipestem  creek,  numerous  hay 
meadows  and  sloughs. 

The  entire  area  during  the  glacial  period  was  covered  by  the  ice, 
which  on  melting  left  its  burden  of  sand,  silt  and  clay  scattered 
on  the  surface.  This  glacial  till  or  drift  varies  in  the  area  from  ten 
to  200  feet  or  more  in  depth,  and  because  of  the  comparatively  light 
rainfall  since  its  deposition  the  surface  features  have  been  but 
slightly  modified.  Below  the  drift  there  lies  a  bed  of  Cretaceous 
shale,  which  along  the  Shcyenne  river  valley  comes  within  from 
ten  to  twenty  feet  of  the  surface  of  the  prairie.  The  soils  result- 
ing from  this  formation  are  very  heavy  and  are  considered  among 
the  most  productive  in  the  area. 

SOILS. 

Twelve  distinct  types  of  soils  were  recognized  and  mapped  in 
the  Carrington  area.  The  following  table  shows  the  name  and 
extent  of  each : 

Areas  of  different  soils. 


Soil 


Marshall  silt  loam 

Marshall  loam 

Clyde  loam 

Marshall  stony  loam 

Marshall  fine  sandy  loam 

Meadow 

<  Harrington  clay  loam 


Acres    I  Per  cent 


230,128 
114.560 
24,7fi8 
2S,9:i6 
21.696 
16,W4 
6,272 


I 


50.2 
26.3 
5.5 
3.2 
4.9 
3.2 
1.2 


Soil 

Acres 

Percent 

Marshall  fine  sand 

'  Wabash  clay 

4,096 
a.S28 
2.496 
1.980 
1.59e 

1.0 

1  Hobert  clay 

'  Marshall  gravelly  loam. 
Wabash  loam 

Total 

460,M0 

MARSHALL   LOAM. 


The  Marsliall  loam  to  an  average  dei)th  of  about  ten  inches  con- 
sists of  a  dark  brown  friable  loam,  underlaid  usually  by  a  grayish- 
brown  silty  clay,  l)ecoming  slightly  yellow  in  the  lower  depths. 


AGRICULTURAL  COLLEGE  SURVEY. 


(a)     CAHRINCTON,     FROM    THE    NORTH. 
Marsh*)]  toun  shown  in  farEground.     (See  p.  101.) 


(b)"    WHERE  THE  SOO  RAILW.W  CROSSES  THE  JAMES   RIVER, 
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The  type  is  found  in  all  parts  of  the  area  occupied  by  moraines 
and  in  the  level  prairie  along  the  courses  of  the  streams.  The 
most  extensive  body  of  this  type  occupies  the  hills  just  west  and 
south  of  Cooperstown  and  a  large  portion  of  the  level  prairie  bor- 
dering Bald'hill  creek.  It  also  occurs  between  the  areas  of  ^larshall 
silt  loam  and  Marshall  stony  loam  along  the  James  river  and  in 
the  vicinity  of  Pipestem  creek  south  and  west  of  Carrington. 

The  level  and  rolling  toiX)graphy  gives  rise  to  slightly  different 
phases  of  the  type.  The  hilly  i)hase,  described  alx)ve,  is  the  more 
imprrtant  by  reason  of  its  greater  cx^tent.  The  level  phase  near 
Baldliill  creek  consists  of  about  twenty  inches  of  dark  brown  loam 
underlaid  with  yellowish  brown  fine  sandv  loam  or  shalv  loam  and 
sand. 

The  porous  subsoil  gives  the  phase  adequate  subdrainage,  which 
in  seasons  of  slight  rainfall  is  apt  to  be  excessive,  while  the  sloping 
surface  of  the  hilly  phase  gives  that  portion  of  the  type  ample  sur- 
face drainage. 

The  Marshall  loam  is  of  glacial  origin,  the  hilly  phase  having 
been  deposited  along  the  front  of  the  melting  ice.  On  the  prairie 
near  the  course  of  Baldhill  creek  the  sandy  phase  is  probably  a 
glacial  overflow,  the  deposit  being  made  by  the  waters  hurrying 
southw-ard  at  the  time  when  the  front  of  the  ice  sheet  halted  in 
the  morainic  region  a  few  miles  to  the  north.  On  the  higher  eleva- 
tions, where  the  finer  material  has  been  removed  by  rains,  the  soil 
is  shallow  and  has  a  relatively  high  content  of  fine  sand  and  gravel, 
but  these  areas  are  of  verv  small  extent. 

Until  recently  a  part  of  the  type  was  used  as  pasturage  for  herds 
of  cattle  and  sheep,  but  the  stock-raising  industry  is  now  confined 
to  the  stony  hills  along  James  river. 

Wheat  and  flax  have  always  bec^n  tlie  leading  croj)s  on  the 
Marshall  loam,  the  yields  averaging  fifteen  and  twelve  bushels  per 
acre,  respectively.  Oats  yield  from  thirty  to  sixty  bushels  per  acre. 
Barley,  rye  and  speltz  also  do  well  and  are  extensively  grown,  al- 
though the  last  named  is  but  newly  intriHluccd.  For  the  growing 
of  potatoes,  corn  and  garden  truck  this  soil  is  unexcelled  in  the  area. 
Potatoes  yield  from  1.^0  to  'loO  bushels  j)er  acre  and  are  of  excel- 
lent quality.  However,  at  present  this  crop  is  grown  only  for  home 
consumption.  The  average  yield  of  corn  in  favorable  seasons  is 
about  forty  bushels  per  acre. 
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The  value  of  the  hilly  phase  of  the  type  ranges  from  $15  to  $25 
an  acre,  while  that  of  level  topography  in  the  more  desirable  loca- 
tions sells  at  from  $20  to  $30  an  acre. 

The  following  table  gives  the  average  results  of  mechanical 
analyses  of  typical  samples  of  the  soil  and  subsoil  of  this  tj'pe : 

Mechanical  analyses  of  Marshall  loam. 
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MARSHALL  SILT  LOAM. 

The  soil  of  the  Marshall  silt  loam  to  a  depth  of  from  ten  to  six- 
teen inches  consists  of  a  dark  brown  to  black  silt  loam,  resting 
upon  a  yellowish  brown  silty  clay  subsoil,  usually  several  feet  in 
depth. 

The  Marshall  silt  loam  is  by  far  the  most  extensive  soil  type 
mapped,  occupying  about  one-half  of  the  area  surveyed.  It  occurs 
in  three  large  bodies,  each  broken  into  by  the  less  extensive  types. 
One  of  these  bodies  occupies  the  level  land  near  Cooperstown,. 
another  is  found  between  Baldhill  creek  and  the  hilly  region  along 
the  James  river,  and  the  third  occupies  the  major  portion  of  the 
prairie  west  of  Bordulac. 

The  type  consists  of  two  closely  related  phases  passing  so  grad- 
ually  into   each   other  that   no  consistent  boundary   line  between 

w  m 

thcni  can  be  drawn.  That  portion  of  the  type  in  the  eastern  part 
of  the  survey  is  a  somewhat  heavier  soil  than  that  found  west  of 
the  James  river.  Near  Bordulac  and  in  the  vicinity  of  Carrington 
areas  are  found  where  the  soil  consists  of  about  fourteen  inches 
of  black  silt  loam  containing  a  small  percentage  of  fine  sand.  The 
.<^nhsoil  is  a  silly  clay,  varying  in  color  from  light  brown  to  white. 
The  areas  of  white,  limy  subsoil,  as  a  rule,  are  not  quite  so  pro- 
ductive as  arc  those  in  which  the  lime  occurs  in  less  amounts. 

The  Marshall  silt  loam  has  usually  a  level  surface.  Now  amf 
tl.en  low  swells  occur  from  ten  to  twenty  feet  in  height,  which 
Ciive  th.c  tyjK?  a  slii^htly  undnlalini;  ai)pearance,  but  nowhere  is  the 
tO])(j;:;raphy  so  roui^di  as  seriously  to  interfere  with  cultivation. 
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The  t>'pe  usually  has  sufficient  drainage,  though  for  the  cultiva- 
tion of  the  deeper  rooted  crops  the  low-lying  level  portion  of  the 
prairie  would  be  greatly  benefited  by  open  ditches  or  tile  drains. 

The  origin  of  the  Marshall  silt  loam  dates  back  to  glacial  times, 
when  the  material  was  deposited  by  the  melting  of  the  ice.  Owing 
to  the  light  rainfall  of  the  region,  little  evidence  is  seen  of  subsequent 
erosion.  Along  the  edges  of  deep  coulees  and  on  the  summits  of 
the  hills,  where  the  rains  have  carried  off  the  finer  particles  of 
earth,  a  little  sand  is  frequently  encountered  and  the  silty  subsoil 
comes  within  a  few  inches  of  the  surface ;  but  those  areas  occur  in 
strips  too  narrow  to  be  rq)rescnted  on  the  map. 

The  type  retains  moisture  well  and  is  one  of  the  most  valuable 
soils  in  the  area.  In  the  vicinity  of  Carrington  cultivated  lands 
sell  for  from  $'^^0  to  $30  an  acre,  while  in  the  eastern  part  of  the 
area  cultivated  farms  command  from  $2G  to  $40  an  acre. 

The  Marshall  silt  loam  has  been  devoted  mainly  to  the  growing 
of  small  grains,  though  it  is  well  adapted  to  a  variety  of  crops. 
Alfalfa  wherever  tried  has  done  well,  and  red  clover,  timothy  and 
brome  grass  have  given  excellent  results. 

Wheat,  the  chief  crop  grown,  yields  from  twelve  to  thirty  bushels 
per  acre,  the  average  being  about  fifteen  bushels.  Flax  yields  from 
ten  to  sixteen  bushels  per  acre,  oats  from  thirty-five  to  seventy 
bushels  and  barley,  rye  and  speltz  in  like  proportions. 

The  following  table  gives  the  arevage  results  of  mechanical 
analyses  of  samples  of  the  Marshall  silt  loam : 

Mechanical  analyses  of  Marshall  silt  loam. 
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The  soil  of  tlic  C.'lvdc  Inani  i<  of  a  varxin-r  t(.*.\turi',  raniriiiiT:  fr^tin 
a  dark  brown  loam  to  l)lack  clay  Inani,  witli  an  avcra^^c  dcj^tli  of 
ten  inches.  The  subsr-'il  is  usually  a  gray  or  drab-colored  clay  to 
a  depth  of  thirty  inches.  Inflow  which  are  frequently  found  thin 
layers  of  coarse  sand. 
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A  phase  of  the  tjpe  of  quite  common  occurrence  consists  of  a 
black,  heavy  sandv  loam,  underlaid  at  from  four  to  ten  inches  bv 
2L  sticky  white  silty  clay. 

The  Clyde  loam  is  of  wide  distribution  throughout  the  area,  oc- 
curring as  numerous  low  depressions  ranging  from  a  few  rods  in 
extent  to  several  hundred  acres.  The  type  marks  the  location  of 
old  lake  beds,  which,  lying  below  the  general  level  of  the  prairie, 
are  always  poorly  drained.  Around  the  margin  of  these  old  lakes 
well-marked  beaches  frequently  occur  from  five  to  twenty  feet  in 
height,  composed  of  coarse  sand,  gravel  and  large  glacial  boulders. 
This  sandy,  wind-blown  material  has  greatly  changed  the  texture 
of  the  soil  in  some  of  the  smaller  depressions. 

For  centuries  these  lake  beds  have  received  the  drainage  of  the 
surrounding  prairie  and  having  no  outlets  the  only  avenue  for 
the  removal  of  the  waters  was  by  evaporation.  Thus  the  salts  held 
in  solution  bv  the  waters  of  the  lake  were  left  behind  and  have  col- 
lected  in  the  lowest  places  as  a  white  efflorescence  on  the  surface. 
However,  only  rarely  is  alkali  encountered  in  sufficient  quantities 
to  interfere  seriously  with  the  growth  of  native  vegetation.  The 
soil  is  frequently  too  wet  for  cultivation,  and  only  about  1  per 
cent  of  the  type  has  yet  been  broken  up.  Where  alkali  is  found  on 
the  cultivated  areas,  the  application  of  barnyard  manure  has  greatly 
improved  the  structure  of  the  soil,  allowing  the  rains  to  carry  the 
salts  to  the  lower  depths  beyond  the  reach  of  the  shallow-rooted 
croi)s. 

The  type  in  favorable  seasons  supports  a  luxuriant  growth  of 
native  grasses,  but  if  the  rains  come  late  in  the  spring  the  grasses 
do  not  make  a  vigorous  growth,  and  in  some  years  when  ready  to 
be  cut  for  hay  many  acres  are  so  wet  as  to  prevent  the  harvesting 
of  the  crops.  The  greater  part  of  the  land  of  this  type  is  held  at 
about  $15  an  acre. 

•     The    following  table   shows   the   average   results  of  mechanical 
analyses  of  typical  samples  of  the  soil  and  subsoil  of  this  type: 

Mechanical  analyses  of  Clyde  loam. 
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PLATE  XVn. 


(■)     A     HOMESTEADER'S    RESIDENCE,     NORTHEAST    OF    CARRINGTON. 


(b>  A  RU5SUM  HOMESTEADER'S  RESIDENCE  SOUTHWEST  OF  CARRINGTON. 
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MARSHALL   FINE  SAND. 

The  Marshall  fine  sand  is  an  incoherent,  dark  brown  or  black 
fine  sand,  slightly  loamy  on  account  of  the  presence  of  organic  mat- 
ter, grading  at  twelve  to  sixteen  inches  into  a  lighter  colored,  less 
coherent  fine  sand,  and  this  in  turn,  at  twenty-four  inches,  is  under- 
laid by  a  yellow  or  gray  sand  of  fine  to  medium  texture. 

The  type  occupies  gently  rolling  prairie  land  and  is  primarily 
glacial  in  its  origin,  being  deposited  by  the  melting  of  the  glaciers 
or  carried  by  their  waters.  Most  of  the  type  lies  adjacent  to  or 
in  the  vicinity  of  river  courses.  The  largest  bodies  were  found 
just  west  of  the  Slieyenne  river  and  in  township  I-IG  north,  range 
61  west,  in  the  vicinity  of  Baldhill  creek.  A  few  small  bodies  are 
found  in  other  parts  of  tlie  area. 

The  soil,  on  acount  of  its  loose  texture,  is  easily  transported  by 
the  wind,  being  carried  sometimes  to  a  considerable  distance,  and 
is  often  found  in  dunes  from  two  to  three  feet  in  depth.  Crops 
are  often  materially  damaged  by  these  sand  storms,  w*hich  often 
occur  in  the  spring  about  the  time  the  young  grain  is  putting  forth 
its  tender  shoots. 

Only  a  small  percentage  of  the  Marshall  fine  sand  is  under  culti- 
vation. The  native  vegetation  is  less  vigorous  than  that  of  the 
heavier  prairie  soils,  and,  except  in  very  wet  seasons,  the  crop  yields 
are  rather  poor,  ranging  from  six  to  eight  bushels  of  flax  per  acre, 
eight  to  ten  bushels  of  wheat,  and  from  twenty  to  twenty-five  bushels 
of  rye,  pats  or  barley. 

The  value  of  this  type  of  soil  varies  from  $15  to  $25  an  acre,  de- 
pending upon  its  location  and  proximity  to  the  heavier  soils  of  the 
area. 

The  following  table  gives  the  results  of  mechanical  analyses  of 
typical  samples  of  tlic  soil  and  subsoil  of  the  Marshall  fine  sand: 

Mt'i/ianical  analyst's  of  Marshall  fiue  sand. 
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MARSHALL  FINE  SANDY  LOAM. 

The  Marshall  fine  san<Jy  loam,  to  an  average  depth  of  fourteen 
inches,  is  a  dark  brown  or  black  loam  or  fine  sandy  loam,  the  color 
being  due  to  the  presence  of  organic  matter.  This  is  underlaid  with 
a  yellowish  brown  fine  sandy  loam  less  coherent  in  structure,  grad- 
ing at  twenty  inches  or  more  into  a  yellow  iine  to  medium  sand, 
extending  several  feet  in  depth.  Overlying  the  coarser  material 
of  the  subsoil  is  often  a  thin  stratum  of  shale,  which  when  decom- 
posed contains  a  small  percentage  of  bluish  gray  clay.  This  is  par- 
ticularly true  of  the  large  body  of  this  type  in  township  146  north, 
range  GO  west.    The  subsoil  is  also  frequently  a  loam. 

The  Marshall  fine  sandy  loam  usually  occurs  in  small  patches, 
the  largest  continuous  bodies  being  in  township  146  north,  range 
60  west,  and  range  61  west.  In  the  former  the  texture  of  the  soil 
is  coarser  than  in  other  parts  of  the  area.  Disconnected  bodies  of 
the  type  also  occur  in  township  146  north,  range  61  west,  and  range 
62  west,  and  in  the  vicinity  of  the  Sheyenne  river  and  Baldhill 
and  Pipestem  creeks.  Another  area,  occupying  parts  of  three  sec- 
tions, is  found  south  and  west  of  Melville.  The  type  usually  oc- 
cupies gently  undulating  prairie  or  small  morainic  hills  or  plateaus. 
It  frequently  occurs  also  in  narrow  bands  encircling  old  lake  beds 
and  along  stream  courses,  but  these  were  not  of  sufficient  extent 
to  be  shown  on  the  accompanying  map. 

The  soil  is  of  glacial  origin,  although  the  winds  may  have  been  a 
factor  in  its  disposition.  In  the  vicinity  of  the  streams  or  between 
them  and  the  series  of  nuoraines  to  the  north  of  the  arAi:  it  is 
reasonable  to  suppose  that  this  soil  was  deposited  as  overwash  from 
tlie  melting  of  the  ice  of  the  glaciers  or  carried  down  by  the  waters 
off  the  moraines  themselves. 

Owing  to  the  fairly  loose  structure  of  both  soil  and  subsoil  and 
location  in  the  vicinity  of  stream  courses  and  old  lake  beds,  the 
Marshall  fine  sandy  loam  is  naturally  w^ell  drained,  but  it  is  suf- 
ficiently  compact  to  retain  enougli  moisture  to  withstand  drought. 
In  extreme  wet  or  dry  seasons  it  frequently  gives  better  yields  of 
grain  than  the  heavier  types,  and  the  crops  are  less  suceptible  to 
rust,  but  in  average  seasons  the  yield  is  less.  The  type  is  par- 
ticularly well  adapted  to  Irish  potatoes,  the  yields  being  from  150 
to  250  bushels  i^.er  acre.  Corn  also  does  well  on  this  soil,  but  is 
CiTown  only  in  small  c^ardens  for  home  use.  Each  of  tlie  cereals 
grown  in  the  area   is   found  upon  the  Marshall  fine  sandy  loam, 
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with  average  yields  per  acre  as  follows:  Wheat,  ten  to  fifteen 
bushels;  flax,  six  to  ten  bushels,  and  rye,  barley  or  oats,  twenty- 
five  to  thirty  bushels. 

Land  of  this  type  ranges  in  price  from  $20  to  $30  an  acre. 

The  following  table  gives  the  average  results  of  mechanical 
analyses  of  typical  samples  of  soil  and  subsoil  of  the  Marshall  fine 
sandy  loam : 

iMechanical  analyses  of  Marshall  fine  samlv  loam. 
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The  soil  of  the  Wabash  clay  consists  of  a  dark  brown  or  black 
clay  loam  or  clay,  with  an  average  depth  of  about  twelve  inches. 
The  subsoil  is  usually  a  black  heavy  clay,  from  twelve  to  thirty 
inches  deep,  underlaid  to  a  considerable  depth  by  a  light  brown 
clav  of  the  same  texture.  The  soil  is  tenacious  and  rather  difficult 
to  work,  especially  in  the  spring,  when  it  is  often  saturated  by  the 
seepage  waters  from  the  higher  levels. 

The  Wabash  clay,  averaging  one-half  mile  in  width,  is  found 
along  the  lowest  portions  of  the  Sheyenne  river  valley.  In  the 
northern  part  of  the  valley,  where  the  type  lies  chiefly  on  the  east- 
ern side  of  the  river,  there  is  a  gentle  slope  from  the  higher  eleva- 
tion to  the  water's  edge,  but  farther  south,  where  the  strip  becomes 
more  narrow  and  fnllows  more  nearly  the  river's  course,  the  sur- 
face is  quite  low  aiul  level.  Tn  this  level  ])ortion.  where  the  water 
sometimes  saturates  the  suil.  open  ditches  could  be  dug  or  tile 
drains  laid  with  prt>lit.  The  i^reater  part  of  the  type,  however,  is 
well  drained  and  under  a  fair  slate  of  cultivation. 

The  Wabash  clay  is  tu'  alluvial  origin,  having  been  formed  by 
the  deposition  of  the  fine  i)articles  washed  down  from  the  heavy 
Hobart  clay  of  the  adjoining  hillsides. 

The  heavy  texture  of  the  soil  and  its  low-lying  position  along 
the  river,  insuring  sufficient  soil  moisture  for  crops  to  withstand 
drought,   make  the  type  admirably   adapted   to   small   grains  and 
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tame  grasses,  although  the  latter  have  not  yet  been  extensively  in- 
troduced. Wheat,  under  favorable  conditions,  yields  from  twenty 
to  thirty-five  bushels  per  acre,  oats  from  thirty-five  to  seventy  bush- 
els, and  flax,  rye  and  barley  do  remarkably  well. 

Along  the  course  of  the  river  and  the  old  glacial  channels  which 
wind  through  the  valley,  occurs  a  narrow  strip  covered  by  a  dense 
growth  of  oak,  ash  and  elm.  This  growing  timber,  in  a  region 
where  fuel  is  so  scarce,  makes  this  t>'pe  of  soil  one  of  the  most 
valuable  in  the  area,  and  because  the  valley  is  so  badly  broken  into 
by  the  tortuous  channel  of  the  river,  this  portion  of  the  type  is 
probably  more  valuable  in  its  present  state  than  it  could  possibly 
be  under  cultivation. 

The  price  of  the  land  ranges  from  $30  to  $40  an  acre,  depending 
upon  improvements. 

The  following  table  shows  the  average  results  of  mechanical 
analyses  of  samples  of  the  Wabash  clay : 


Mechanical  analyses  of  Wabash  clay. 
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HOBART  CLAY. 

The  Hobart  clay,  though  small  in  extent,  may  be  said  to  have 
three  distinct  phases,  depending  upon  the  declivity  of  the  bluflFs 
along  which  it  occurs. 

At  the  top  of  the  bluff  the  soil  consists  of  from  none  to  six  inches 
of  brown  clay  loam,  underlaid  to  about  four  feet  by  dark  drab 
or  slate  colored  clay.  Along  the  steeper  part  of  the  hill  and  that 
portion  of  the  valley  where  erosion  has  been  most  active  the  clay 
loam  has  been  entirely  washed  away,  leaving  the  stiff,  waxy,  slate- 
colored  clay  exposed.  At  about  tl]e  fourth  foot  the  subsoil  be- 
gins to  pass  p^radually  into  shale,  which  soon  gives  place  to  the 
unwcathcred  Cretaceous  rock.  On  this  phase  of  the  type  the  sur- 
face is  usually  thickly  strewn  with  large  glacial  boulders.  Nearer 
the  valley,  where  the  slope  is  more  gentle,  the  soil  consists  of  about 
ten  inches  of  friable  clay  loam,  underlaid  to  a  considerable  depth  by 
black,  plastic  clay. 
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The  Hobart  clay  occurs  along  the  precipitous  bluffs  of  the 
Sheyemie  river  and  the  steep-sided  coulees  leading  into  it.  Of  the 
eroded  phase  the  most  typically  developed  area  is  found  five  and 
one-half  miles  southeast  of  Cooperstown,  where  the  slippery  clay 
and  decomposing  shale  slide  down  the  hill  with  every  heavy  rain, 
leaving  the  surface  devoid  of  any  vegetation. 

Owing  to  its  position,  the  stiff,  waxy  nature  of  the  soil,  and  the 
numerous  glacial  boulders  scattered  over  the  surface,  only  that 
phase  of  the  type  which  occupies  the  lower  portion  of  the  hill  can 
be  used  for  cultivation.  Such  a  strip  occurs  near  the  northern 
boundary  of  the  area  on  the  east  side  of  the  river,  and  fine  yields 
of  all  the  small  grains  are  annually  produced.  Where  the  Hobart 
clay  is  under  cultivation  the  land  is  held  at  about  $30  an  acre,  but 
the  greater  part  of  the  type,  used  only  for  pasture,  is  valued  at  from 
$10  to  $15  an  acre. 

The  following  table  gives  the  average  results  of  mechanical 
analyses  of  typical  samples  of  the  soil  and  subsoil  of  Hobart  clay: 


Mechanical  analyses  of  Hobart  clay. 
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WABASH   LOAM. 

The  Wabas'h  loam,  from  none  to  seven  inches,  consists  of  a  dark 

brown  friable  loam,  with  a  considerable  admixture  of  fine   sand 

and   silt,  underlaid  by  a  subsoil  usually  of  the  same  texture  and 

color  as  the  soil,  but  beconiing-  somewhat  lighter  in  color  below  the 

second  foot. 

Only  a  few  small  areas  of  Wabash  loam  were  encountered,  these 

occurring  as  narrow^  strips  within  the  Shcyenne  river  valley.     The 

type  occupies  the  more  gently  sloping  portions  of  the  valley  and 

is  an  intermediate  type  between   the  Marshall  stony  loam  of  the 

bluffs  and  the  Wabash  clay  of  the  valley  floor.     On  the  outer  bends 

of  the  river,  where  the  stream  approaches  the  sides  of  the  valley, 

the  type  extends  down  the  slope  to  the  bank  of  the  stream,  the 

elevation  ranging  from  five  to  thirty  feet  above  the  high  water 

mark. 
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The  Wabash  loam  is  one  of  the  best  drained  soils  in  the  area, 
and  yet  rarely  suffers  from  the  effect  of  drought.  The  type  has 
keen  formed  from  the  materials  washed  down  from  the  Marshall 
.^tony  loam  and  the  prairie  types  adjoining.  The  soil  is  of  com- 
paratively recent  origin,  and  owing  to  its  position  is  constantly 
undergoing  change,  as  the  rains  bring  down  materials  from  the 
.bluffs  or  carry  away  materials  previously  deposited. 

The  Wabash  loam  is  a  very  productive  soil,  and  because  of  its 
'Excellent  drainage  features  and  the  ease  wit?h  which  it  can  be  cul- 
itivated  it  is  well  adapted  to  the  production  of  truck  crops.  How- 
v«ever,  owing  to  the  lack  of  convenient  markets,  no  attempt  has  yet 
l>een  made  to  grow  these  crops,  except  as  they  may  be  needed  for 
family  use. 

Practically  all  of  the  type  is  cultivated  to  the  small  grain  crops. 
Wheat  yields  from  eighteen  to  twenty-five  bushels  per  acre,  thougli 
in  exceptional  years  as  higii  as  thirty-five  bushels  have  been  re- 
ported. Oats  produce  from  thirty-five  to  sixty-five  bushels  per 
acre,  and  the  other  grains  in  like  proportion.  The  type  is  valued 
.  at  $30  an  acre. 

The  following  table  shows  the  results  of  mechanical  analyses  of 
vthe  Wabash  loam: 

Mechanical  annalyses  of  Wabash  Loam. 
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CARRINGTON  CLAY  LOAM. 

The  Carrington  clay  loam  in  its  lowest  lying  phase  consists  of 
from  none  to  ten  inches  of  dark  brown  to  black  clay  loam,  underlaid 
to  forty  inches  With  yellowish  brown  silty  and  sometimes  sandy  clay. 
Below  this  depth  the  material  is  a  brownish  yellow  clay,  with  an 
occasional  thin  layer  of  coarse  sand.  This  phase  of  the  type  oc- 
cupies the  narrow  valley  of  Pipestem  creek  and  the  hay  sloughs 
in  the  western  part  of  the  area.  Its  origin  is  largely  sedimentary, 
the  material  having  been  left  by  the  waters  of  the  stream  or  de- 
posited as  beds  of  former  lakes. 
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The  upland  or  prairie  phase  of  the  Carrington  clay  loam  is  a 
brownish  yellow  silty  clay  with  an  average  depth  of  about  ten 
indies.  The  subsoil  ranges  from  material  of  the  same  texture  and 
color  to  stiff,  tenacious,  dark  gray  clay.  Between  the  third  and  fifth 
foot  strata  of  reddish  yellow  sand  are  frequently  encountered,  con- 
taining varying  quantities  of  calcium  carbonate,  gypsum  and  iron 
sulphate.  The  soil  when  wxt  is  sticky  and  plastic  and  presents  all 
of  the  objectionable  features  of  "gumbo,"  making  it  a  dfficult  soil 
to  till. 

The  type  is  of  comparatively  limited  extent,  being  found  only  in 
small  bodies  in  townships  145  and  14G  north  and  ranges  (jG  and  G7 
west,  inclusive.  South  of  Carrington,  along  the  Devils  Lake  branch 
'of  the  Northern  Pacific  Railway,  occurs  the  most  typical  area  of 
the  prairie  phase  of  the  type.  Here  small  irregular  areas  are  fre- 
quently found  from  which  the  original  prairie  sod  has  been  removed. 
This  condition  is  commonly  believed  to  have  been  caused  by  (^arly 
prairie  fires,  and  although  it  may  be  due  to  other  causes  there  was 
not  time  to  investigate  this  question  sufficiently  to  determine  the 
point  definitely.  On  most  of  these  areas  a  new  sod  has  been  de- 
veloped, but  the  vegetation  makes  a  feeble  growth  at  best. 

The  Carrington  clay  loam  is  the  only  soil  in  the  area  seriously 
affected  with  alkali.  Practically  all  of  the  type  contains  some  salts, 
though  not  in  sufficient  quantity  to  interfere  seriously  with  the 
growth  of  native  grasses.  Only  about  1  per  cent  of  the  type  is 
under  cultivation,  and  in  the  cultivated  fields  small  places  are  oc- 
casionally found,  ranging  from  a  few  rods  to  two  or  three  acres 
in  extent,  where  the  alkali  has  risen  and  formed  a  white  crust  on 
the  surface.    On  such  spots  vegetation  has  been  entirely  killed  out. 

The  most  effective  way  to  correct  permanently  the  alkali  condi- 
tions in  this  soil  is  by  the  construction  of  an  artificial  drainage  sys- 
tem. Deep  open  ditches  are  a  necessity,  as  the  structure  of  the  soil 
is  such  as  to  preclude  the  probability  of  satisfactory  results  by  the 
use  of  tile  drains.  The  structure  of  this  soil  has  in  many  instances 
been  much  improved  by  the  application  of  barnyard  manure,  the 
injurious  effects  of  the  alkaH  having  disappeared  and  the  soil  made 
to  produce  good  yields  of  grain  the  second  season  following  manurial 
treatment. 

This  type  of  soil  is  valued  at  from  $9  to  $15  an  acre. 

The  following  table  shows  the  average  results  of  mechanical 
analyses  of  samples  of  this  soil : 
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Mechanical  analyses  of  Carrington  clay  loam. 
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MARSHALL  GRAVELLY  LOAM. 

» 

The  Marshall  gravelly  loam  contains  a  high  percentage  of  rounded 
quartz  and  granitic  gravel,  ranging  from  one-half  inch  to  two  inches 
in  diameter.  The  interstitial  material  usually  consists  of  coarse 
sand  and  incoherent  shale,  which,  at  a  depth  of  three  feet,  give  place 
to  a  yellow  silty  loam. 

This  type  is  found  only  in  small  areas  on  the  summits  of  the 
higher  hills  and  ridges.  The  largest  of  these  areas,  which  does  not 
much  exceed  one  square  mile  in  extent,  occurs  northwest  of  Coop- 
erstown  in  portions  of  sections  5  and  6  of  township  146  north, 
range  60  west. 

Owing  to  its  rough  topography  and  the  loose  texture  of  the  soil, 
the  Marshall  gravelly  loam  is  little  used  for  cultivation.  However, 
on  a  few  of  the  lower  ridges  fair  yields  of  the  small  grains  are 
sometimes  secured.  The  value  of  the  type  ranges  from  $10  to  $15 
an  acre. 

The  following  table  gives  the  results  of  mechanical  analyses  of 
samples  of  the  Marshall  gravelly  loam: 

Mechanical  analyses  of  Marshall  gravelly  loam. 
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MARSHALL  STONY  LOAM. 


The  soil  of  the  Marshall  stony  loam  is  usually  a  dark  brown  fine 
sandy  loam  or  loam,  with  an  average  depth  of  about  ten  inches. 
The  subsoil  of  the  greater  part  of  the  type  consists  of  a  light  brown 
silty  loam  or  silty  clay,  reaching  many  feet  in  depth. 
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Scattered  over  the  surfaxre  and  sometimes  deeply  embedded  in 
the  soil  are  found  numerous  granitic  glacial  boulders,  ranging  from 
a  few  inches  to  ten  feet  or  more  in  diameter.  In  some  localities, 
where  the  rains  have  washed  the  finer  soil  away,  the  boulders  have 
been  left  as  a  virtual  pavement  over  the  surface  of  the  ground  and 
only  sand  and  gravel  occupy  the  interstitial  spaces. 

Though  the  type  is  found  in  small,  irregular  patches  throughout 
the  survey,  only  two  areas  of  very  large  extent  were  mapped.  The 
largest  of  these  occurs  along  the  banks  of  the  James  river,  occupy- 
ing the  greater  proportion  of  the  high  morainic  hills.  In  this  locality 
small  areas  are  found  on  which  few  stones  occur,  but  these,  being  of 
rough  topography  and  small  in  extent,  were  mapped  as  a  part  of 
the  more  stony  phase  of  the  type.  The  next  most  extensive  area 
occupies  the  foothills  of  the  Missouri  plateau,  in  the  southwestern 
corner  of  Foster  county.  Small  areas  occur  along  the  bluffs  of  the 
Sheyenne  river  and  among  the  moraines  just  west  of  Cooperstown. 

The  surface  of  the  Marshall  stony  loam  is  naturally  very  rough 
and  broken,  a  common  feature  being  the  frequent  occurrence  of 
"hay  sloughs"  surrounded  by  irregular  hills.  Much  of  the  soil  has 
excessive  drainage,  as  the  slight  rainfall,  instead  of  being  retained 
CMi  the  steep  hillsides,  quickly  runs  off  and  is  lost  in  the  heavier  soils 
of  the  depressions. 

The  origin  of  the  type  is  purely  glacial,  the  higfe  moraines  and 
long,  smooth  swells  and  ridges  marking  the  place  where  the  edge 
of  the  melting  ice  sheet  halted  in  its  slow  retreat  across  the  area. 

One  phase  of  the  Mars'hall  stony  loam  consists  of  large  stones 
embedded  in  coarse  sand  and  fine  gravel.  This  phase  occupies  the 
summits  of  the  higher  hills  or  occurs  as  narrow  strips  around  the 
margins  of  old  lakes.  In  either  case  it  has  no  agricultural  value.  In 
a  few  instances,  where  the  stones  appear  only  on  the  surface,  the 
owner  has  removed  them,  and  when  this  is  done  the  soil  is  fairly 
productive.  However,  only  a  small  per  cent  of  the  Marshall  stony 
loam  is  under  cultivation,  being  considered  more  profitable  to  utilize 
the  type  for  grazing  purposes  than  to  incur  the  expense  of  removing 
the  stones. 

Along  the  James  river  the  hills  support  at  nominal  cost  through- 
out the  summer  a  herd  of  several  hundred  cattle,  and  a  considerable 
income  is  realized  by  some  of  the  farmers  from  the  cattle  industry. 

The  value  of  the  Marshall  stony  loam  varies*  from  $8  to  $15  an 
acre,  depending  upon  location  and  topography. 
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The  following  table  gives  the  results  of  medianical  analyses  of 
typical  samples  of  the  Marshall  stony  loam : 

Mechanical  analyses  of  Marshall  stony  loam. 
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MEADOW. 

Meadow  is  composed  largely  of  coarse  sand,  underlaid  at  vary- 
ing depths  with  gravel,  shale  and  cobblestones.  In  some  localities 
the  soil  contains  a  small  amount  of  silt  and  clay,  overlying  always 
a  subsoil  of  loose  texture. 

The  type  occurs  in  small  irregular  areas  along  the  present 
courses  of  the  streams  and  the  unused  waterways  of  glacial  times. 

Along  the  James  river,  near  the  northern  boundary  of  the  area, 
occurs  about  1,600  acres  of  the  type,  of  wliich  nearly  one-half  has 
been  put  in  cultivation.  During  wet  seasons  fair  crops  of  grain 
are  produced,  but  the  frequent  occurrence  of  large,  glacial  boulders 
on  the  surface  interferes  to  a  great  extent  with  cultivation.  From 
this  body  down  through  the  valley  extends  a  narrow  strip,  in  which 
occur  a  few  small  areas  of  very  desirable  soils,  adapted  to  the  nisual 
crops  grown,  but  these  were  of  too  small  extent  to  be  classified  as  a 
new  type. 

In  the  southwestern  part  of  the  area  another  extensive  body  of 
nieadow  is  found  deposited  as  glacial  wash  on  the  more  gentle 
slope  at  the  foot  of  the  Missouri  plateau.  Here  the  loamy  material, 
from  ten  to  fifteen  inches  deep,  gives  the  type  the  appearance  of 
good,  productive  soil,  but  the  underlying  gravel  and  cobblestones 
make  it  very  susceptible  to  the  effects  of  drought. 

The  type,  Whether  cultivated  or  used  for  pasture,  is  valued  at 
from  $10  to  $15  an  acre. 

The  following  table  shows  the  results  of  mechanical  analyses  of 
samples  of  the  meadow : 
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Mechanical  analysis  of  Meadow, 
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ALKALI  IN  SOILS. 

Alkali  in  injurious  quantities  was  found  only  in  the  southwestern 
part  of  the  area.  Tlie  small  bodies  of  Carrington  clay  loam,  which 
occur  south  and  west  of  Carrington,  are  all  more  or  less  impregnated 
with  alkali,  though  diis  is  the  only  soil  in  the  area  w^hich  is  seriously 
affected.  Only  portions  of  these  bodies  contain  alkali  in  sufficient 
quantities  to  prevent  the  growing  of  ordinary  crops.  These 
strongly  injpregnated  spots,  occurring  usually  in  the  center  and 
lowest  portions  of  the  type,  vary  in  size  from  a  few  rods  across  to  two 
or  three  acres  in  extent,  an-d  are  commonly  marked  either  by  badly- 
stunted  crops  or  by  the  entire  absence  of  vegetation. 

Samples  of  the  soil  and  subsoil  were  taken  from  the  worst  alkali 
areas  and  the  character  and  quantity  of  the  salts  present  determined 
in  the  chemical  laboratory  of  the  Bureau.  The  results  of  the  analy- 
ses, given  here  in  tabular  form,  show  that  the  salt  content  in  these 
areas  is  sufficiently  high  to  interfere  with  the  growth  of  ordinary- 
crops.  The  principal  salt  found  is  sodium  sulphate,  although  there 
are  also  present  considerable  quantities  of  sodium  carbonate,  a  salt 
especially  harmful  to  plant  growth.  The  total  area  sufficiently  af- 
fected by  alkali  to  prohibit  plant  growth  probably  would  not  exceed 
300  acres. 

Althougli  these  analyses  indicate  the  presence  of  excessive  quan- 
tities of  injurious  salts,  the  areas  so  affected  were  so  few  and  of 
such  small  extent  that  the  construction  of  a  special  alkali  map  for 
the  area  was  not  deemed  advisable. 
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Chemical  analyses  of  alkali  soils. 
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AGRICULTURAL  METHODS. 

Since  the  beginning  of  agriculture  in  the  area  the  principal  crops 
have  been  wheat,  flax,  oats  and  barley,  and  as  all  of  these,  except- 
ing flax,  are  sown  early  in  the  spring,  the  sfhort  period  between  the 
thawing  of  the  soil  and  the  time  for  seeding  makes  it  necessary  to 
do  mudi  of ,  the  plowing  in  the  fall.  In  the  spring  it  is  customary 
to  go  over  the  ground  with  a  disk  and  a  smoothing  harrow,  after 
whidi  the  field  is  seeded  with  a  press  or  shoe  drill.  Threshing  is 
done  almost  entirely  from  the  field,  the  grain  being  at  once  delivered 
at  the  elevator,  or,  in  some  cases,  held  on  the  farm  to  await  ship- 
ment later. 

As  yet  no  systematic  rotation  of  crops  has  been  established.  One 
of  the  best  rotations,  according  to  some  of  the  most  progressive 
farmers,  is  wheat  two  years,  followed  by  barley,  flax,  rye  and  oats. 

During  the  last  three  years  winter  rye  has  been  grown  by  some 
with  much  success,  the  practice  being  to  drill  it  into  the  flax  or 
oat  stubble  in  the  fall  without  replowing,  or  into  wheat  stubble 
wliere  the  ground  was  prepared  late  the  spring  preceding.  Thus 
the  young  grain  during  the  winter  receives  the  protection  afforded 
by  the  snow,  which,  lodging  in  the  stubble,  is  not  blown  away.  By 
this  practice  larger  yields  are  oljtained  than  from  the  spring  seed- 
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ings  and  the  crop  is  harvested  in  time  to  permit  of  summer  plowing, 
thus  eliminating  the  loss  occasioned  by  an  idle  field  during  the 
•entire  season. 

Too  little  attention  is  given  to  the  manurial  requirements  of  the 
land,  and  the  injurious  practice  of  growing  wheat  after  wheat  with- 
out returning  anything  to  the  soil  is  plainly  noticeable  on  some  of 
the  older  fields  in  the  area.  During  the  first  few  years  after  break- 
ing the  rich  prairie  sod  the  natural  store  of  decaying  organic  matter 
is  ample  for  crop  production,  but  as  cultivation  continues  and  this 
humus  is  removed  something  must  be  added  to  take  its  place.  This 
may  not  now  appear  essential,  for  the  country  is  yet  new  and  much 
of  the  soil  still  retains  its  original  productive  power,  but  the  ex- 
f>erience  of  the  past  has  taught  the  wisdom  of  husbanding  the  re- 
sources of  the  soil  rather  than  restoring  them  after  it  has  dete- 
riorated. The  best  and  cheapest  fertilizer  for  maintaining  the  pro- 
ductiveness of  the  soils  of  this  area  is  well-rotted  barnyard  manure. 
Especially  is  this  needed  on  some  of  the  lighter  soils,  from  which 
much  of  the  organic  matter  has  already  disappeared.  Care  should 
be  taken,  however,  to  have  the  manure  decomposed,  lest  the  coarse 
litter  make  the  soil  too  loose  to  retain  sufficient  moisture  during 
periods  of  excessive  drought. 

AGRICULTURAL  CONDITIONS. 

The  interests  of  Griggs  and  Foster  counties  are  distinctly  and 
exclusively  agricultural.  From  one  end  of  the  area  to  the  other, 
a  distance  of  sixty  miles,  the  energies  of  the  people  are  directed 
toward  the  production  of  small  grains.  Except  among  the  hills 
along  the  James  river  and  the  region  south  and  west  of  Carrington, 
where  settlement  has  been  more  recent,  the  farms  are  characterized 
by  modern  dwellings  and  large,  commodious  barns.  Public  roads 
have  been  laid  out  around  every  section  in  the  area,  and  during 
the  last  few  years  considerable  attention  has  been  given  to  their  im- 
provement. The  work  horses  are  large  and  serviceable,  and  the 
farm  machinery  of  the  latest  improved  type.  Tmprovcl  l)recds  of 
cattle  have  been  introduced,  and  on  every  hand  are  evidences  of 
industry  and  thrift. 

The  prosperity  of  the  region  is  strikingly  shown  by  the  rapid 
increase  in  the  value  of  the  lands.  Ten  years  ago,  in  the  vicinity 
of  Cooperstown,  unbroken  prairie  land  could  be  bought  at  from 
$5  to  $8  an  acre,  and  improved  fami  land  at  from  $10  to  $12  an 
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acre.  Now  what  little  remains  of  the  unbroken  prairie  sells  for 
from  $15  to  $36  an  acre,  while  improved  lands  command  from  $25 
to  $40  an  acre.  While  in  Foster  county  land  values  have  steadily 
increased,  they  have  not  yet  quite  reached  those  in  the  eastern  part 
of  the  area.  In  Foster  county,  within  the  limits  of  the  area  mapped, 
are  14,000  acres  held  by  the  state  as  school  land,  of  which  the  aver- 
age price  is  $11.50  an  acre.  Improved  lands  in  Foster  county  are 
valued  at  from  $20  to  $30  an  acre. 

Only  a  small  proportion  of  the  land  is  occupied  by  tenants,  who, 
as  a  rule,  are  intelligent  and  industrious  farmers.  According  to 
the  census  of  1900,  73  per  cent  of  the  farms  in  Griggs  county  and 
77.5  per  cent  of  the  farms  in  Foster  county  are  operated  by  the 
owners.  Since  then,  it  is  generally  conceded,  the  tenant  class  has 
been  getting  smaller,  due  mainly  to  the  fact  that  many  of  this  class 
are  acquiring  'farms  of  their  own.  The  farms  are  rented  on  what 
is  known  as  the  crop-payment  plan,  by  which  the  owner,  furnishing 
one-half  the  seed  and  paying  one-half  the  thrashing  bill,  receives 
one-half  of  the  crop,  or,  furnishing  nothing  but  the  land,  receives 
one-fourth  of  the  grain  delivered  at  the  elevator. 

Although  there  is  a  tendency  toward  smaller  farms  and  better 
cultivation,  there  are  still  a  few  large  holdings  in  the  area.  One  of 
these  near  Borduhc  is  said  to  contain  16,000  acres,  of  which  10,000 
acres  are  in  a  fair  state  of  cultivation.  There  are  many  farms  of 
from  600  to  2,000  acres.  The  census  of  1900  gives  the  average  size 
farm  for  Grjgg^  and  Foster  counties  at  427.6  and  437.9  acres, 
respectively. 

The  chief  problem  confronting  the  farmers  of  the  area  is  that 
of  securing  efficient  labor  during  the  busy  season  of  the  year.  Even 
the  smaller  farmers  at  such  time  are  compelled  to  hire  at  least 
one  man.  Usually  the  wage  for  harvest  hands  ranges  from  $1.75  to 
$2.75  a  day  and  board.  While  the  hired  laborers  at  this  season 
are  mostly  of  the  transient  class,  they  are  more  efficient  than  were 
those  with  whom  the  farmer  dealt  ten  years  ago.  Only  a  few  of 
the  wealthier  farmers  are  obliged  to  hire  help  the  year  round. 
These  pay  on  an  average  about  $20  a  month  and  board.  The 
greater  number  hire  on  what  is  known  as  the  eight  months'  plan, 
from  April  1  to  December  1,  paying  from  $20  to  $30  a  month  and 
board.  Many  of  this  class  of  laborers  soon  acquire  homes  in  the 
locality  where  they  work. 
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Until  recently  all  of  the  hay  'has  been  obtained  from  the  wild 
grasses  of  the  prairie  and  the  coarse  material  of  the  sloughs.  While 
the  hay  thus  secured  is  nutritious,  it  does  not  equal  that  obtained 
from  the  meadows  of  tame  grasses,  and  as  nearly  all  the  prairies 
are  now  broken  up  and  the  weeds  are  crowding  out  the  wild  hay 
in  the  sloughs  the  cultivated  grasses  are  being  slowly  introduced  to 
take  its  place. 

Since  the  drought  of  the  early  eighties  the  area  has  been  com- 
paratively free  from  the  ravages  of  pesits  which  have  damaged  the 
crops  in  other  regions.  In  1904,  however,  the  black  stem  rust  ap- 
peared, which  caused  an  estimated  loss  in  Foster  county  of  at 
least  15  per  cent  in  the  common  varieties  of  spring  wheat  grown, 
and  in  Griggs  county  the  loss  in  yield  of  these  varieties  was  va- 
riously estimated  from  25  to  50  per  cent  of  the  entire  crop.  Though 
the  disease  may  not  occur  again  in  several  years,  this  experience 
should  teach  the  farmer  to  be  on  the  alert  to  adopt  a  practice  which, 
in  case  it  should  return,  will  prevent  serious  loss.  The  black  stem 
rust*  of  wheat  may  exist  in  two  stages.  The  first,  known  as  the 
red  rust  stage,  causes  little  if  any  damage  to  the  crops.  The  second 
stage,  known  as  the  black  rust,  causes  the  shrinkage  of  the  grain, 
and  hence  the  danwige.  It  is  sometimes  possible  by  careful  culti- 
vation and  the  selection  of  the  early  varieties  for  seed  to  have  the 
grain  ripen  before  the  worst  attack  of  the  black  rust  stage  is  en- 
countered. It  has  been  found  that  tflie  durum  varieties  are  with- 
out doubt  the  most  rust-resistant  wheats  now  grown.  Among  these 
varieties  the  lumillo,  Velvet  Don  and  Arnautka  are  said  to  take 
the  lead.  Although  the  price  ranges  from  12  to  15  per  cent  below 
that  of  the  common  varieties,  the  fact  that  the  average  yield  is  20 
per  cent  more  makes  them  valuable  varieties  to  grow. 

From  the  beginning  flax  has  been  considered  one  of  the  most 
profitable  crops  grown  in  the  area.  This  is  due  in  part  to  the  fact 
that  a  good  crop  can  be  secured  on  the  newly  broken  prairie  with 
much  less  tillage  than  the  other  cfops  demand.  It  is,  however,  so 
exhausting  to  the  soil  that  it  is  never  wise  to  attempt  to  grow  two 
crops  in  succession  on  the  same  piece  of  land,  but  they  should  be 
placed  as  far  apart  as  possible  in  the  rotation  practiced  on  the 
farm.  During  the  last  few  years  this  practice  has  been  necessitated 
by  the  appearance  of  a  disease  known  as  flax  wilt,  which  materially 
affects  the  yield  of  the  crop  if  grown  on  the  same  field  two  or 
more  years  in  succession.     For  this  reason,  and  because  so  much 
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of  the  original  prairie  is  already  broken  up,  leaving  no  new  land 
available  for  flax,  the  acreage  of  the  crop  during  the  last  few  years 
has  been  materially  decreased. 

In  the  greater  part  of  the  area  only  the  seed  of  the  plant  is  util- 
ized. However,  tow  mills  have  been  established  at  Cooperstown 
and  at  Kensal  for  working  up  the  straw  into  upholstering  material ; 
but  the  price  paid  for  straw^^2  per  ton — is  so  small  that  only  the 
near-by  farmers  find  it  profitable  to  deliver  it  to  the  mill. 

All  through  the  area  there  is  an  apparent  lack  of  appreciation  of 
the  adaptation  of  soils  to  crops,  and  in  the  past  the  economy  of  the 
farm  has  been  characterized  by  the  struggle  to  cultivate  the  great- 
est acreage  of  grain  without  regard  to  the  quality  of  the  land. 
Timothy,  brome  grass,  alfalfa  and  red  clover  all  do  well,  though 
as  yet  little  experience  has  been  had  in  their  cultivation.  More  live 
stock  should  be  raised  and  more  alfalfa  grown.  The  Marshall 
silt  loam,  where  good  subdrainage  can  be  had,  is  well  adapted  to 
the  growing  of  alfalfa.  Corn,  while  not  always  a  success,  is  suc- 
ceeding better  every  year,  and  it  is  thought  that  within  a  few  years, 
as  a  result  of  the  work  of  acclimation,  this  crop  can  be  grown 
with  a  fair  degree  of  success.  During  the  past  year  a  number  of 
the  more  hardy  fruit  trees  havebeen  introduced,  but  the  growing 
of  orchard  fruits  is  still  in  the  experimental  stage. 

Excepting  the  western  part  of  Griggs  and  the  eastern  part  of 
Foster  county,  the  transportation  facilities  of  the  area  are  good. 
Carrington,  the  principal  shipping  point  of  the  western  part  of  the 
area,  is  located  at  the  junction  of  the  Devik  Lake  and  Sykeston 
branches  of  the  Northern  Pacific  Railway,  connection  being  made 
with  the  main  line  at  Jamestown.  Through  Carrington  also  passes 
the  main  line  of  the  Minneapolis,  St.  Paul  &  Sault  Ste.  Marie  Rail- 
way, forming  a  direct  route  to  both  the  northwest  and  the  cities  of 
the  east.  The  Cpperstown  branch,  leaving  the  main  line  of  the 
Northern  Pacific  at  Sanborn  and  passing  north  through  Coopers- 
town,  gives  excellent  transportation  facilities  to  the  eastern  part  of  the 
area.  These  railway  lines  place  the  area  within  easy  reach  of  the 
great  grain  markets,  of  Minneapolis,  St.  Paul,  Superior  and  Duluth. 


A  CHEMICAL  CONSIDERATION  OF  THE  SOILS  OF  THE 
COOPERSTOWN-CARRINGTON  AREA. 

By  John  T.  Weaver. 


This  area  includes  two  tiers  of  townships  in  the  southern  part  of 
Griggs  and  Foster  counties,  and  consists  of  townships  145  and  146, 
north,  and  ranges  58,  59  60,  61,  62,  63,  64,  65,  6G,  67  west.  The 
soils  of  this  region  are  of  glacial  origin,  in  other  words  they  were 
once  rock,  and  have  been  ground  to  powder  by  glacial  action,  by 
glacial  action  being  meant  all  the  complex  series  of  processes  by 
which  the  great  continental  ice  sheet,  during  the  time  known  as 
the  glacial  period,  transported  and  ground  up  the  soils  now  cover- 
ing the  surface  of  many  of  the  northern  states.  The  soils  are  there- 
fore the  result  of  disintegration  rather  than  the  decomposition  of 
rocks.  However,  the  mere  grinding  to  powder  of  rock  materials 
will  not  make  a  fertile  soil.  Such  factors  as  weathering,  moisture, 
micro-organisms,  aeration  and  organic  matter  greatly  affect  the 
agricultural  value  of  soils.  And  it  is  because  these  may  to  a  con- 
siderable extent  be  controlled  by  the  farmer  that  it  is  of  interest 
to  him  to  make  a  geological  and  chemical  study  of  the  soil. 

From  what  has  been  said  it  will  be  clear  that  the  nature  and 
chemical  composition  of  the  original  rocks  will  have  a  close  bear- 
ing on  the  agricultural  value  of  the  res-ulting  soils.  In  various 
parts  of  this  area  one  may  pick  up  fragmentary  rocks  which  differ 
considerably  in  appearance  and  composition.  It  is  on  evidence  of 
this  nature  that  we  must  base  our  conclusions  as  to  \vhat  the  original 
material  was  from  which  the  soils  were  formed. 

Following  are  some  of  the  more  common  rocks  and  minerals 
found  in  this  area :  First,  it  may  be  well  to  explain  that  a  rock  may 
be  composed  of  one  mineral  or  of  a  combination  of  minerals.  Min- 
erals are  of  such  definite  composition  as  to  admit  of  a  chemical 
formula. 

Granite  is  a  very  common  rock.  It  is  composed  of  the  minerals 
mica,  quartz  and  feldspar.     When  granite  rocks  are  disintegrated 
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and  subjected  to  the  natural  agencies  of  decay  they  generally  yield 
a  fertile  soil. 

Quarts  in  the  pure  state  is  the  oxide  of  silicon.  It  is  frequently 
Seen  almost  pure,  as  white  sand. 

Feldspar  is  composed  of  silicia,  aluminum  and  potassium,  sodium 
or  calcium.  The  potassium  or  potash  feldspars  are  very  valuable 
as  soil  producers,  as  they  yield  considerable  potash.  Either  sodium 
or  calcium  may  replace  the  potassium,  and  when  this  is  the  case 
the  soils  are  not  usually  as  fertile. 

Mica  is  more  commonly  known  as  isinglass,  and  while  it  is  not 
easily  detected  by  the  average  person  yet  it  is  quite  abundant.  The 
ease  with  which  some  rocks  split  into  thin  slabs  is  due  to  the  pres- 
ence of  mica.  It  contains  magnesium,  iron,  calcium,  manganese 
and  silicia. 

Horneblende  rocks  are  found  frequently  in  this  area.  They  are 
generally  black  or  dark  green,  and  while  they  are  not  so  valuable 
as  soil  formers  yet  they  are  never  responsible  for  "alkali  soils" 
which  are  so  troublesome  in  some  localities.  Horneblende  contains 
magnesium,  calcium,  iron,  manganese  and  silica. 

Limestone  rocks  have  played  an  important  part  in  the  fomiation 
of  the  soils  of  this  area.  Pure  limestone  is  calcium  carbonate, 
thoug^h  calcium  carbonate  and  magnesium  carbonate  are  often  as- 
sociated together.  This  mineral  and  also  gypsum  (calcium  sul- 
phate), will  be  further  treated  tinder  the  head  of  calcium. 

The  above  will  give  the  reader  a  general  idea  of  the  origin  of 
the  soils  and  the  sources*  of.  plant  food  contained  therein.  When 
a  chemical  analysis  is  made  of  a  plant  it  is  found  to  be  composed 
of  sixteen  elements,  with  sometimes  traces  of  one  or  two  more. 
Only  twelve  of  the  more  important  ones  will  be  treated  in  this 
article,  the  others  being  non-essential  or  of  no  practical  importance 
to  the  farmer. 

Aluminum  is  a  white  metal  when  pure :.  It  is  the  chief  constitu- 
ent in  clays  and  shales.    It  is  not  essential  to  plant  growth. 

Silicon  is  one  of  the  most  abundant  elements  forming  the  earth's 
crust.  Combined  with  oxygen  it  forms  our  "white  sand."  It  is 
found  in  large  quantities  in  the  ash  of  plants.  For  some  time  it 
was  considered  the  element  which  gave  strength  and  stiffness  to 
straw.  At  present  this  quality  is  doubted  and  its  value  to  agricul- 
tural plants  is  not  definitely  known. 
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Iron  in  very  small  quantities  is  essential  to  plant  development.  It 
is  generally  well  distributed  in  nature  in  combination  with  oxygen. 
In  the  area  under  consideration  there  is  abundance  of  iron  in  the 
soil.  The  red  or  rusty  color  so  frequently  seen  in  gravelly  or  sandy 
places  is  due  to  the  presence  of  the  oxides  of  iron,  or  iron  rust. 
Agricultural  plants  fail  to  develop  and  turn  pale,  losing  all  their 
chlorophill,  in  the  absence  of  this  element.  This  is  one  reason  why 
housewives  sometimes  place  rusty  nails  in  their  flower  pKDts. 

Manganese  is  closely  related  to  iron,  but  is  not  necessary  for 
plant  life.  It  is  found  in  plants  in  small  amounts,  but  cannot  take 
the  place  of  iron  as  plant  food  as  is  sometimes  supposed. 

Chlorine  is  an  essential  food  of  plants,  and  is  found  widely  dis- 
tributed in  nature,  combined  with  sodium  in  the  form  of  common 
salt.  Plants  will  develop  normally  until  the  blossoming  period  with- 
out chlorine;  then,  however,  it  seems  necessary  to  have  chlorine 
along  with  other  elements  for  the  development  of  fruit  and  seed. 

Sulphur  is  required  in  small  amounts  by  all  plants.  It  is  most 
probably  taken  up  by  the  plants  in  the  form  of  calcium  sulphate  or 
gypsum.  The  characteristic  flavor  of  onions,  mustard,  horseradish 
and  other  similar  vegetaibles,  is  due  to  the  presence  of  sulphur  in 
the  volatile  oils.  Sulphur  is  contained  in  the  soils  of  this  area  in 
two  forms.  It  is  quite  well  distributed  combined  with  iron  as  a  sul- 
phi4e.  In  this  form  it  is  found  near  the  surface  in  the  light  soils, 
and  six  to  ten  feet  or  more  below  the  surface  in  the  heavy  types. 
It  occurs  as  a  bright  yellow  crystal  and  is  often  mistaken  for  gold, 
hence  its  common  name  of  "fool's  gold."  As  a  sulphide  it  is  not 
available  for  plant  food,  but  under  favorable  conditions  it  may  in 
time  be  converted  into  the  more  desirable  soluble  forms.  In  the 
form  of  calcium  sulphate  or  gypsum  sulphur  exists  on  this  area 
in  sufficient  quantity  to  produce  grain  crops  for  years  to  come.  It 
may  frequently  be  seen  in  the  soil  as  small,  clear,  shining  crystals, 
and  near  wet  places  is  often  found  in  noticeable  quantity  as  dirty 
grey  crystals  nearly  as  large  as  pin  heads.  This  is  the  form  in 
which  the  plants  absorb  it.  Little  is  known  of  the  function  of  sulphur 
in  plants.  Albuminoids,  of  which  it  is  an  ingredient,  can  be  formed 
only  in  the  prcscwce  of  sulphates. 

Phosphorous  is  one  of  the  important  elements  in  plant  culture. 
It  is  used  by  the  plant  in  the  form  of  phosphoric  acid.  It  seems  to 
aid  in  transporting  the  proteids  through  the  cell  walls.  An  im- 
portant point  to  the  farmer  who  uses  fertilizers  is  that  farm  crops 
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require  from  50  to  75  per  cent  of  the  total  amount  of  phosphoric 
acid  before  the  blossoming  period.  Most  of  the  phosphorus  is 
stored  in  the  seed,  and  this  is  one  reason  why  farms  which  have 
been  cropped  continuously  with  wheat  or  other  small  grains,  be- 
come deficient  in  available  phosphoric  acid.  This  is  readily  ex- 
plained when  it  is  considered  that  twenty-five  pounds  of  phosphoric 
acid  may  be  removed  from  an  acre  yielding  forty  bushels  of  wheat. 
An  imperfect  supply  of  this  substance  results  in  a  yeld  of  light 
weight  grains.  This  substance  is  one  that  is  likely  to  become  de- 
ficient in  the  soil.  It  is  quite  expensive  as  a  fertilizer,  and  is  not 
easily  managed  when  so  used.  It  should  be  understood  that  most 
soils  contain  a  sufficient  supply  of  phosphoric  acid,  but  that  it  is 
combined  with  other  elements,  or  "locked  up"  as  it  were  by  nature 
in  such  a  way  that  plants  cannot  use  it.  Good  cultivation,  manuring 
and  liming  where  necessary  are  the  best  metiiods  known  for  "free- 
ing" the  phosphorus  and  making  it  available  for  plants. 

Calcium  is  well  distributed  through  this  area.  The  white  limy 
character  of  the  soil  in  many  places,  especially  in  the  lighter  types, 
is  due  to  the  presence  of  calcium  salts.  It  is  chiefly  present  in  the 
form  of  calcium  carbonate  or  powdered  limestone.  Calcium  is 
well  known  to  the  public  when  comfbined  with  oxygen  in  the  form 
of  lime.  What  was  said  of  csllcium  as  calcium  sulphate  under  the 
head  of  sulphur  is  applicable  here.  Calcium  is  directly  necessary 
for  the  formation  of  cell  tissue.  Experiments  have  been  performed 
which  show  that  calcium  compounds  are  necessary  for  the  conver- 
sion of  starch' into  cellulose.  Calcium  is  widely  used  as  a  fertilizer 
Calcium  phosphate  is  the  chief  constituent  of  some  fertilizers. 
Ground  bone  contains  considerable  calcium  phosphate  but  is  rather 
slow  in  its  action  as  a  fertilizer. 

Calcium  is  not  only  an  essential  plant  food  but  it  is  also  very 
beneficial  to  the  soil.  It  acts  both  chemically  and  physically. 
Qiemically  it  aids  in  freeing  and  "unlocking"  potassium  and  phos- 
phorus so  that  plants  can  use  them.  It  unites  with  the  organic 
acids  and  thus  prevents  the  souring  of  soils.  It  also  aids  in  nitrif- 
ication. Physically  it  tends  to  bind  light  soils  and  to  floculate  the 
heavy  clay  soils,  thereby  increasing  capillarity  and  destroying  the 
sticky  and  adhesive  properties  of  clays.  In  contrast  with  phos- 
phorous, only  about  two  pounds  would  be  removed  from  an  acre 
of  heavy  wheat. 
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Magnesium  is  necessary  for  the  production  of  fertile  seed.  Small 
quantities,  however,  are  sufficient  for  the  production  of  heavy  crops. 
Our  common  beans  contain  only  about  one-fourth  of  1  i>er  cent  of 
magnesium.  It  seems  to  be  necessary  at  the  seat  of  operations 
where  inorganic  material  is  converted  into  organic.  The  abun- 
dance of  magnesium  in  this  area  is  such  that  it  need  not  be  con- 
sidered in  the  question  of  fertilizers.  When  combined  with  oxygen 
it  is  known  as  magnesia.  In  combination  with  chlorine  it  is  some- 
what injurious  to  crops,  but  when  associated  with  calcium  as  car- 
bonate it  is  ibeneficial.  As  a  sulphate  (epsom  salts)  it  is  sometimes 
found  in  the  water  of  deep  wells  of  this  area. 

Potassium  is  necessary  for  plant  growth,  and  like  phosphoric  acid 
and  nitrogen  it  is  likely  to  become  deficient  in  soils.  Without 
potassium  plants  seem  to  be  unable  to  form  starch  granules,  and 
while  a  plant  may  live  for  a  considerable  time  yet  it  is  unable  to 
add  to  its  total  weight  when  deprived  of  this  element.  It  is  used 
by  the  plant  in  its  early  stages  of  growth,  hence  when  used  as  a 
fertilizer  it  should  be  applied  in  time  to  be  of  the  most  benefit  to 
the  growing  plants. 

Potassium  unites  with  organic  acids  to  give  those  characteristic 
flavors  common  to  many  plants :  thus,  potassium  oxalate  in  sorrel, 
potassium  bitartrate  in  the  grape,  and  potassium  malate  in  rhubarb. 
It  must  not  be  understood,  however,  that  the  plant  takes  the  above 
compounds  as  such  from  the  soil.  Potassium  chloride  is  probably 
the  most  favorable  form  as  a  food  supply,  though  the  phosphate 
or  sulphate  and  other  salts  may  be  used.  Most  of  the  potassium 
is  stored  in  the  straw  and  leaves  of  our  farm  grains.  Only  about 
one-fourth  is  lost  by  selling  the  grain,  while  the  remaining  three- 
fourths  may  be  retained  on  the  fann  if  proper  methods  are  used. 
But  by  burning  the  straw  in  large  heaps  it  is  almost  a  total  loss 
unless  the  ash  is  carefully  used  as  a  fertilizer.  The  better  method 
is  to  cause  the  straw  to  rot  and  sj>read  as  manure.  From  six  to 
fifteen  pounds  of  potash  (potassium)  may  be  removed  from  an  acre 
by  selling  the  grain,  while  from  twenty-five  to  sixty  pounds  will 
remain  in  the  straw.  Potash  may  be  present  in  the  soil  in  consider- 
able quantity  and  yet  l)e  in  such  combination  that  the  plants  cannot 
use  it  and  starve  for  the  want  of  it.  The  method  described  under 
phosphorus  for  "freeing"  that  element  also  apply  in  the  case  of 
potassium. 

Surrey— 9 
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Soils  generally  contain  fnom  3,000  to  12,000  pounds  of  potas- 
sium per  acre  in  the  first  foot.  So  the  advisability  is  readily  seen  of 
using  the  best  methods  for  making  these  elements  in  the  soil  avail- 
able for  plants  rather  than  use  expensive  fertilizers.  At  least  it 
should  be  first  demonstrated  that  fertilizers  are  necessary  and  that 
the  returns  are  more  than  sufficient  to  cover  the  extra  expense  be- 
fore large  sums  of  money  are  expended  in  commercial  fertilizers. 

Sodium  is  found  in  considerable  amounts  in  all  our  field  crops. 
Whether  it  is  essential  to  plant  growth  is  at  present  an  open  ques- 
tion. It  is  a  fact,  however,  that  sodium  is  never  totally  absent 
from  plants,  and  that  if  indispensable  only  very  small  amounts  are 
requisite.  The  foliage  and  succulent  portions  of  plants  must  con- 
tain considerable  amounts  of  tfhis  element  that  are  unnecessary. 

Sodium  is  very  closely  related  to  potassium,  but  cannot  totally 
take  the  place  of  the  latter  in  plants.  It  is  not  used  directly  as  a 
fertilizer.  An  excess  of  sodium  salts  is  injurious  to  crops.  They 
are  included  in  the  alkali  group.  Table  salt  is  a  compound  of 
sodium  with  chlorine,  excessive  amounts  of  w^.hich  destroy  the  pro- 
ductive qualities  of  the  soil.  What  the  housewife  uses  for  baking 
soda  the  farmer  condemns  as  "black  alkali."  It  is  the  most  injurious 
salt  in  the  alkali  group.  Fortunately  this  area  does  not  in  general 
contain  any  excessive  amounts  of  alkali.  It  is  true  many  of  the 
well  waters  are  salty,  but  these  wells  are  generally  quite  deep  and 
the  salts  are  not  likely  to  rise  to  the  surface  in  sufficient  amounts 
to  seriously  hamper  agricultural  pursuits.  In  the  southwestern  por- 
tion of  this  area  there  are  some  "alkali  spots."  The  most  of  the 
land  so  affected  lies  with  a  gentle  slope,  affording  good  surface 
drainage.  The  writer  believes  that  with  good  cultivation  this  land 
can  be  successfully  tilled.  One  thing  noticeable  in  these  "alkali 
spocs"  is  the  lack  of  humus.  If  this  land  were  plowed  in  narrow 
lands  with  the  dead  furrows  oj>en  so  as  to  assure  the  best  surface 
drainage,  and  then  plenty  of  well  rotted  manure  applied,  especially 
horse  manure,  it  would  greatly  add  to  the  productiveness  of  the 
soil.  Not  that  the  manure  will  "kill"  the  alkali,  but  in  decompos- 
ing it  yields  organic  acids  which  unite  with  the  basic  elements  of 
the  alkali  and  thus  render  it  inactive.  The  manure  also  improves  the 
tilth  and  texture  of  the-  soil,  and  by  good  cultivation  more  plant 
food  is  made  available,  with  the  result  that  the  young  crop  shoots 
up  and  early  protects  the  soil  from  evaporation,  thus  tending  to 
avoid  the  concentration  of  the  alkali. 
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Nitrogen  is  one  of  the  essential  elements  of  plant  food.  It  is 
not  so  much  an  element  of  the  soil  as  of  the  atmosphere.  In  other 
words  it  is  a  gas,  and  constitutes  about  three-fourths  of  the  at- 
mosphere. It  is  generally  well  known  that  plants  cannot  use  the 
free  nitrogen  of  the  air,  but  must  obtain  it  from  the  soil  through 
their  roots.  Leguminous  plants,  such  as  the  'bean,  pea  and  clover, 
have  the  power  of  increasing  the  supply  of  nitrogen  in  the  soil. 
Quite  a  number  of  farmers  have  made  some  attempts  at  raising 
varieties  of  these  plants  in  this  area  with  varied  success.  One  large 
farming  company  under  the  direction  of  the  department  of  agricul- 
ture, is  conducting  a  number  of  experiments  with  clover.  Some 
plats  were  inoculated  with  "nitrogen  bacteria/'  while  others  received 
the  same  cultivation  but  were  not  inoculated.  So  far  as  could  be 
seen  no  advantage  was  gained  by  the  inoculation.  The  fact  that 
the  writer  visited  these  plats  early  in  the  season  before  harvest,  and 
that  it  was  the  first  year  the  experiments  had  been  conducted,  should 
be  taken  into  consideration.  It  is  generally  considered,  however, 
that  these  soils  do  not  need  to  be  inoculated. 

When  it  is  considered  that  all  life  is  ultimately  dependent  upon 
the  soil  as  its  source  of  food — ^animals  feed  upon  plants  and  plants 
alone  have  the  power  of  transforming  the  lifeless  inorganic  material 
into  vegetative  tissue — it  will  be  realized  that  a  knowledge  of  the 
original  lodcs  is  important  and  interesting.  Had  the  original  rocks 
from  which  the  soils  of  this  area  were  formed  been  of  some  other 
material  and  composition  the  resuH  might  have  been  a  barren  soil. 
But  nature  was  kind  to  this  region  and  made  such  a  di-stribution  that 
the  soil  contains  in  goodly  quantity  all  the  elements  necessary  for 
plant  growth.  Yet  not  in  such  great  abundance  that  the  farmer  neea 
have  no  care  for  the  future.  With  good  methods  of  farming,  aim- 
ing to  conserve  the  fertility  of  the  soil,  this  area  will  continue  pro- 
ductive for  a  long  time  to  come. 


A  PRELIMINARY  REPORT  ON-  THE  SOILS  OF 

RANSOxM  COUNTY. 

By  John  T.  Weaver. 


During  the  summer  of  1906,  a  soil  survey  was  made  of  Ransom 
county.  The  work  was  conducted  by  the  Bureau  of  Soils  of  the 
department  of  agriculture  in  co-operation  viith  the  geological  de- 
partment of  the  State  Agricultural  College. 

Such  a  survey  is  of  especial  interest  and  value  to  farmers  and 
property  owners  of  the  area  as  it  gives  reliable  information  on  the 
nature,  value  and  productiveness  of  the  soil.  The  Bureau  of  Soils 
is  making  a  scientific  study  of  the  soils  of  the  country,  laying  special 
emphasis  also  on  the  practical  side  of  the  question,  while  the  Agri- 
cultural College  investigates  the  soils  of  the  state.  It  is  only  through 
such  investigations  that  a  thorough  knowledge  of  soil  and  climatic 
conditions  can  be  obtained,  and  such  knowledge  is  necessary  in 
order  to  introduce  new  cereals  and  grasses  successfully  and  econom- 
ically. 

The  field  party  aims  to  classify  and  map  all  types  of  soil  com- 
prising an  area  of  ten  acres  or  more.  This  requires  considerable 
training  and  skill  on  the  part  of  the  surveyors.  They  further  take 
cognizance  of  precipitation,  methods  pursued  in  agriculture,  and 
the  adaptability  of  crops  to  soil  types.  As  every  practical  farmer 
knows,  the  subsoil  as  well  as  the  top  soil  has  a  marked  influence 
on  the  kind  and  quality  of  the  grain  or  grass,  which  m«iy  be 
grown.  In  fact  the  first  three  feet  of  a  soil  must  be  examined  in 
order  to  properly  classify  it.  In  making  such  a  detailed  study  the 
surveyors  use  augers  for  penetrating  the  soil,  and  not  only  test 
the  soil  to  a  depth  of  three  feet  but  also  collect  samples  of  each 
type.  These  samples  are  analyzed  and  the  data  compiled.  Dupli- 
cates are  preserved  at  the  Bureau  of  Soils,  Washington,  D.  C,  and 
at  the  State  Agricultural  College. 

The  soils  of  Ransom  county  are  the  result  of  glacial  action.  It 
must  not  be  inferred,  however,  that  moraines  and  glacial  deposits 
are  a  conspicuous  feature  of  Ransom  county  landscapes;  on  the 
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contrary,  large  areas  of  comparatively  level  and  fertile  soil  are 
to  be  found.  Nature  was  kind  to  this  area  in  distributing  a  soil 
which  has  a  natural  inherent  fertility.  To  fully  appreciate  this  the 
reader  must  consider  the  fact  that  over  80  per  cent  of  the  best  wheat 
land  of  North  America  lies  within  the  glacial  belt.  The  waters 
of  the  great  ice  sheet  assorted  and  deposited  these  soils  in  such 
proportions  as  to  make  them  very  valuable  for  agricultural  pursuits. 
Chemical  analyses  of  these  soils  have  not  as  yet  been  made, 
but  the  writer  believes  from  his  studies  of  the  physical  character 
that  all  the  elements  necessary  for  plant  growth  are  present  in 
sufficient  quantity  to  insure  good  crops  for  years  to  come.  Much 
of  this  land  has  been  cultivated  since  the  early  settlement,  and  so 
far  as  the  wTiter  could  learn  no  commercial  fertilizers  have  Ix^en 
used.  With  good  methods  of  cultivation  it  is  not  likely  that  the 
farmers  will  have  to  purchase  any  fcrtihzing  products  for  genera- 
tions to  come. 

It  may  be  possible  that  such  extensive  wheat  raising  as  is  now 
practiced  will  have  to  be  modified  or  more  crop  rotation  introduced, 
but  this  should  increase  rather  than  decrease  the  income  of  the 
farmer.  At  the  present  time  the  greatest  resource  of  the  county 
lies  in  the  wheat  production.  This  is  especially  true  of  the  central 
and  western  part  of  the  county.  The  farms  are  generally  large, 
and  as  labor  is  scarce  and  very  expensive,  little  or  no  intensive  farm- 
ing is  pursued.  The  farmers  mostly  have  no  by-products,  the  rea- 
son being  possibly  due  to  their  prosperity.  There  are  many  farmers 
who  have  no  source  of  income  except  the  grain  crop.  This  in  itself 
proves  the  splendid  fertility  of  the  soil,  for  in  many  regions  in  other 
states  were  the  farmer  to  depend  upon  wheat  alone,  he  could  not  live 
in  the  luxurv  that  many  Ransom  countv  farmers  do.  It  is  true  that 
some  farms  are  mortgaged,  but  this  more  often  indicates  prosperity 
than  adverse  circumstances,  since  the  farmers  realize  the  value  and 
productiveness  of  the  land  and  mortgage  in  order  to  increase  their 
holdings. 

All  of  the  common  small  grains  are  raised  in  abundance.  Wheat, 
oats  and  barley  are  raised  for  ex])ort.  S])eltz  has  ]>roved  itself  to 
be  a  good  yielder,  Init  as  yet  it  has  not  come  into  p()j)ular  and  gen- 
eral use  with  the  farmers.  Durum  wheat  is  one  of  the  best  pro- 
ducers; the  soil  and  climate  seems  to  suit  this  cereal  very  well  and 
in  spite  of  the  fact  that  the  market  price  is  somewhat  below  that 
of  the  fife  and  bluestem  varieties  it  is  profitably  raised  for  shipping 
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purposes  owing  to  the  larger  yield  per  acre.     Flax  is  also  raised 
to  a  considerable  extent  especially  .on  the  new  land. 

The  native  grasses  are  used  largely  for  hay.  Not  much  attention 
has  been  given  to  the  raising  of  tame  grasses.  The  writer  noticed 
a  small  field  of  timothy  which  would  produce  a  fair  yield  of  first- 
class  hay;  probably  one  and  one-half  tons  per  acre.  Red  clover 
receives  practically  no  attention.  A  small  patch  of  about  one  acre 
in  the  northern  part  of  the  county  showed  that  it  might  be  g^rown 
with  at  least  a  fair  degree  of  success.  Alfalfa  has  not  been  given 
a  sufficient  trial  to  pronounce  it  either  a  failure  or  a  success.  It 
will  live  through  winter  and  grow  fairly  well  under  somewhat 
adverse  conditions  and  just  what  it  would  do  under  favorable  con- 
ditions is  hard  to  say  as  the  writer  was  unable  to  get  any  very 
defindte  information  on  the  subject. 

The  soils  of  the  county  are  generally  of  a  deep,  rich  black  loam 
containing  large  amounts  of  humus  and  organic  matter — excepting 
probably  those  of  the  Sheyenne  delta  and  the  Sand  Prairie  region 
which  are  considered  elsewhere.  Upon  the  major  part  of  this  area 
the  type  of  soil  is  that  known  as  Marshall  loam.  Excepting  local 
spots,  all  the  land  in  the  county  lying  north  of  the  Sheyenne  river 
belongs  to  this  type,  and  also  a  large  tract  exending  south  of  Lisbon 
to  the  county  line  and  west  and  northwest  beyond  Elliott  to  Fort 
Ransom. 

The  Bureau  of  Soils  describes  this  type  of  soil  as  follows :  "The 
soil  is  a  dark  brown  loam,  ten  to  twelve  inches  deep,  resting  on 
a  lighter-colored  loam  or  heavy  loam.  The  deep  subsoil  consists 
of  clay,  sand,  gravel  and  boulders  mingled  together  in  a  disorderly 
mass.  The  type  is  derived  from  unstratified  glacial  drift.  *  *  * 
The  type  occupies  gentle  undulating  to  rolling  country  and  covers 
wide  areas  in  the  prairies  of  the  northwest.  *  *  *  Xhe  soil  is 
excellent  for  general  farming  purposes.  Wheat,  oats,  com,  barley 
and  flax  are  the  principal  crops."  Root  crops  also  do  well  in 
this  soil ;  and  stock  raising  is  very  profitable. 

Stock  raising  is  pursued  to  a  very  small  extent.  The  reason 
apparently  is  that  the  expense  of  erecting  buildings  and  the  labor 
question  makes   it  more  profitable  to  raise  wheat  and  the  other 

cereals. 

The  writer  cannot  understand  why  more  attempts  are  not  made 
to  raise  small  fruits.  In  different  parts  of  the  state  many  of  the 
hardier  varieties  of  fruit  are  raised  to  such  an  extent  as  to  be  a 
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PLATE  XtX. 


<•)     WATER  POWER  OF  THE  SHEYENNE  RIVER,  AT  LISBON. 


(b)     FORT    RANSOM.    IN    SHEYENNE   VALLEY. 
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decided  source  of  satisfaction  and  profit  to  both  home  and  farm. 
Currants,  gooseberries,  strawberries,  raspberries  and  some  plums 
are  a  decided  success.  Those  who  have  taken  some  care  in  the 
way  of  securing  protection  to  the  plants  are  proud  of  their  success 
at  raising  raspberries,  grapes,  crabapples  and  many  of  the  hardier 
varieties  of  apples. 

All  kinds  of  garden  vegetables  do  remarkably  well.  There  seems 
to  be  a  prevailing  opinion  that  small  rfruits  do  not  do  well  so  far 
north  but  the  reason  is  most  likely  one  of  neglect.  It  seems  the 
more  easy  and  rapid  method  to  make  money  out  of  extensive  wheat 
fields  and  to  buv  the  fruit. 

The  Sheyenne  delta  was  formed  at  a  time  when  what  is  known 
as  the  Red  River  valley  was  a  large  lake.  The  material  was 
deposited  in  the  quiet  waters  of  Lake  Agassiz  by  the  Sheyenne 
river.  It  was,  therefore,  formed  at  a  different  time  and  under 
different  conditions  from  the  rest  of  Ransom  county,  and  hence 
is  of  different  material  and  naturally  has  a  different  agricultural 
bearing  than  the  adjoining  land.  The  eastern  .portion  of  Ransom 
county  is  embraced  in  the  area  of  the  delta.  The  western  limit  of 
the  delta  is  traversed  approximately  by  a  line  drawn  from  Milrior 
through  Shekkm  and  northward  to  the  Cass  county  boundary.  Thus 
about  250  square  miles  of  the  delta  plain  is  embraced  within  the 
county,  and  the  area  included  in  the  soil  survey. 

The  soil  is  lighter  in  character,  and  in  some  places  has  been 
piled  up  by  the  winds  in  the  form  of  dunes.  This  sandy  soil,  where 
iwt  too  excessively  light,  is  steadily  increasing  in  value  with  im- 
provement in  farming  methods.  It  does  not  yield  wheat  like  the 
heavier  types ;  yet  as  stock  land  it  seems  to  be  quite  profitable.  On 
account  of  its  texture  and  soil  moisture  it  is  probably  less  valuable 
for  wheat  growing  than  for  grass  production.  The  soil  is  generally 
loose  and  free  and  the  water  table  is  only  about  four  or  five  feet 
below  the  surface,  and  in  wet  seasons  is  even  higher  than  this. 

Grasses  are  naturallv  shallow  feeders.  Thev  do  not  as  a  rule 
send  their  roots  deeply  into  the  soil.  If  the  land  were  broken  and 
seeded  to  some  suitable  grass  this  soil  should  make  stock  raising 
profitable.  But  much  care  is  necessary  in  selecting  the  best  kinds 
of  glasses.  There  is  probably  no  better  way  of  learning  this  lesson 
than  by  practical  tests.  The'  native  wild  grasses  seem  to  be  too 
tough  and  wirey  to  produce  the  best  results,  still  in  some  localities 
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there  are  large  herds  of  cattle  pasturing  on  the  native  grasses  and 
apparently  yielding  profitable  returns. 

So  far  as  the  writer  could  learn,  practically  nothing  has  been 
done  in  the  way  of  improving  the  grasses.  The  country-  is  new  and 
prosperity  runs  too  high  for  experiment.  The  raising  of  alfalfa 
nMght  well  be  considered.  The  soil  and  climatic  conditions  are  in 
many  ways  suitable  for  this  plant.  Only  a  few  attempts  have  been 
made  to  raise  it,  so  far  as  the  writer  could  learn,  and  in  these  cases 
the  work  was  not  managed  in  such  a  manner  as  to  make  the  results 
obtained  of  any  particular  value.  A  thorough  knowledge  of  the 
habit  and  requirements  of  the  plant  are  essential  before  large  crops 
can  be  secured.  It  should  not  be  expected  that  alfalfa  will  }'ield 
as  heavy  crops  here  as  in  the  warmer  states.  However,  a  light, 
porous  soil  with  abundant  moisture  within  four  to  six  feet  of  the 
surface  furnish  ideal  conditions  for  the  growth  of  this  crop,  and 
further  experimentation  on  these  more  sandy  soils  should  yieM  some 
valuable  results. 

A  tract  embracing  several  thousand  acres  in  the  northwestern 
part  of  the  county  and  west  of  the  Sheyenne  river  is  locally  known 
as  Sand  Prairie.  This  tract  of  land  was  formed  at  a  time  when 
the  waters  of  the  great  glacier  made  the  Sheyenne  a  most  for- 
midable river.  The  course  of  the  river  was  blocked  at  the  bend 
at  Fort  Ransom  by  the  great  wall  of  ice  of  the  great  continental 
glacier,  and  the  rush  of  waters  had  to  find  a  course  in  a  southwest- 
erly direction  toward  the  James  river.  Before  a  channel  could  be 
cut  the  water  formed  a  large  flood  plain  which  has  become  popularly 
known  as  Sand  Prairie. 

The  soil  of  this  region  may  be  roughly  divided  into  two  kinds: 
one  a  dark-colored  to  black  loam  underlaid  with  a  heavier  loam. 
It  is  similar  in  texture  to  the  soil  lying  in  the  northern  and  central 
portion  of  the  county  and  is  well  adapted  to  mixed  farming.  The 
seconl  kind  is  characterized  by  a  dark  to  black  soil  ranging  from 
eight  to  twelve  inches  deep,  and  is  underlaid  by  sand.  Wells 
furnish  abundant  supplies  of  good  water  at  depths  ranging  from 
six  to  tvvehe  feet.  General  farming  is  largely  practiced  in  this 
region.  It  is  generally  known  that  the  water  table  is  about  six  feet 
below  the  surface  and  the  question  has  been  raised  whether  or  not 
this  land  would  be  adapted  to  the  raising  of  alfalfa.  It  is  not 
I  ossible  at  tlie  present  time  to  give  a  definite  answer.  The  plant 
has  received  little  attention  from  the  farmers  in  this  localitv  and 
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(a)     PLOWING  BY   STEAM. 


(b)     SAND  DUNES  OF  THE  SHEYENNE  DELTA,   SOUTH  OF  SHELDON. 
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its  possibilities  are  not  fully  appreciated.  It  is  true  that  this  soil 
has  many  of  the  essential  features  of  a  good  alfalfa  producer,  and 
it  is  also  true  that  alfalfa  is  raised  with  good  success  in  a  latitude 
farther  north  than  this. 

The  question  of  the  adaptability  of  the  Sand  Prairie  region  to 
the  growth  of  alfalfa  was  presented  to  one  of  the  men  in  charge 
of  crop  experiments  of  this  character  at  the  State  Agricultural  Col- 
lege, and  after  describing  the  conditions  he  said  that  the  description 
answered  well  for  an  ideal  situation  for  the  growth  of  alfalfa. 

The  belief  seems  to  be  common  in  many  of  the  eastern  states  that 
^'alkali''  is  present  in  most  of  the  prairie  lands  of  the  northwest. 
And  many  intending  purchasers  of  the  western  soils  are  skeptical 
until  assured  that  the  crops  are  not  injured  by  this  agent. 

Ransom  county  soils  may  be  said  to  be  practically  free  from 
alkali.  It  is  found  in  a  few  very  small  and  isolated  spots  throughout 
the  area.  These  are  always  low  places  where  drainage  is  poor, 
and  in  dry  weather  can  usually  be  detected  by  the  appearance  of 
the  white  soil  on  the  surface  of  the  ground.  In  no  part  of  the  area 
did  the  writer  notice  any  ill  effects  upon  cultivated  crops  due  to 
the  presence  of  alkaline  salts. 


A  PRELIMINARY  REPORT  ON  THE  SOILS   OF 

WILLIAMS  COUNTY. 

By  Rex  E.  Willard. 


The  soil  survey  of  the  Williston  area  was  made  possible  by  the 
co-operation  of  the  United  States  Soil  Survey  and  the  people  of 
Williams  county  with  the  State  Survey  of  the  Agricultural  College, 
It  is  not  the  purpose  of  this  paper  to  make  a  technical  report  of  the 
woric  of  the  survey  but  rather  a  report  of  general  information  and 
interest  to  the  agricultural  citizen.  A  detailed'  report  with  the  soil 
map  by  Thomas  D.  Rice  will  appear  from  the  United  States  Depart- 
ment of  Agriculture  in  September,  1907.  This  report  will  also 
appear  in  the  fourth  biennial  report  of  the  Agricultural  College 
Survey  of  North  Dakota. 

The  area,  consisting  of  sixteen  and  one-half  townships,  is  located 
mainly  north  of  the  city  of  Williston.  The  northern  boundary  of 
the  area  is  the  township  line  passing  east  and  west  a  short  distance 
south  of  Freeman's  ranch  in  the  Little  Muddy  valley.  It  is  the 
northern  line  of  township  157  north.  The  eastern  boundary  passes 
just  east  of  the  village  of  Wheelock.  It  is  the  eastern  line  of  range 
96  west.  The  township  in  which  Williston  is  located  and  the  town- 
ship east  of  Williston  were  th^  only  ones  surveyed  in  township  154 
north.  The  area  covers  the  two  princii>al  kinds  of  land  in  the  county, 
i.  e.,  upland'  and  lowland.  The  soils  of  the  Missouri  bottom  are  fo.und 
in  the  townships  in  the  vicinity  of  Williston.  The  reworked  glacial 
soils  are  found  in  the  Little  Muddy  valley,  while  the  upland  soils 
are  found  to  the  east  and  west  of  the  Little  Muddy.  By  glacial 
soils  is  meant  the  drift  debris  left  by  the  glacier  when  it  melted. 
The  area  was  chosen  to  cover  as  many  kinds  of  soil  as  possible  dur- 
ing one  season's  work. 

The  soils  of  the  lowland  are  distinctly  different  from-  those  of  the 
upland.  The  lowland  soils  are  reworked  drift  material  left  by  the 
glacier.  These  occur  alon^  the  Missouri  river  as  sands  and  clays; 
also  thev  occur  in  the  Little  Muddv  vallev.  These  soils  are  not  uni- 
form  in  texture  or  deposit.    A  type  that  from  its  location  might  be 
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HARVEST   FIELD   IN    NORTHERN   WILLIAMS   COUNTY, 
About  S  mila  louth  of  Crotby. 


<b)     SLOUCH  OR  SMALL  LAKE  IN  MORALNIC  HILL  DISTRICT  OF  WILLIAMS 
COUNTY. 
Soutb  of  Vtndalia.    Tb«  like   ii  slowly  filling  wiih  tbc 
In  forcctouDd. 


nutatrd  vtgeublc  nutter. 
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(a)     SUN   CRACKS   IN   MUD  OF   MISSOURI  BOTTOMS. 
.  center  of  foregrounil  ihowi  width  of  cracto.     Neir  B«ll'»  fetlT.     Williiton 


(b)     SAND  OF  MISSOURI  RIVER  BOTTOMS. 
One  mile  above  Beirs  ferry.     Sand  blowa  inlo  dune*. 


AGRICULTURAL  COLLEGE  SURVEY, 


PLATE  XXIir. 


(b)     STONY    LOAM.    IN    NORTHERN    PART    OF    WILLISTON    SOIL   AREA. 
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expected  to  be  a  clay  or  heavy  soil  for  instance,  will  be  very  sandy, 
and  vice  versa.  Such  irregular  deposition  shows  a  great  variation 
in  the  course  and  volume  of  the  old  glacial  stream. 

The  soils  of  the  upland  occupy  a  greater  area  than  those  of  the 
lowland.  These  are  much  more  uniform  in  location  and  texture 
than  the  channel  soils.  There  sometimes  occurs  an  area  as  large  as 
half  a  township  of  the  gjeat  loam  type  of  the  upland,  without 
scarcely  any  variation.  (See  Plate  XXI  A.)  There  occasionally 
occur  sloughs  or  small  lakes  (Plate  XXI  B)  in  the  loam  area  btit 
they  occur  much  more  frequently  in  the  stony  loam  or  morainic  hill 
region.    The  loam  is  the  greatest  and  best  soil  type  of  the  area. 

The  soils  of  the  channels  may  be  conveniently  divided  into  two 
classes,  i.  e.,  heavy  bottoms  and  benches,  consisting  of  sand  and 
gravel.  It  is  evident  that  during  the  closing  stages  of  the  glacial 
epoch  there  was  a  very  great  amount  of  water  in  these  channels. 
The  melting  ice  not  only  produced  water  but  dropped  any  rocks 
and  soil  debris  that  it  contained.  The  heavier  material  was  deposited 
where  the  water  moved  the  most  slowly.  Plate  XXII  A  shows  a 
deposit  of  mud  near  the  Missouri  river.  The  sun  has  baked  the 
deposit  so  that  large  crevasses  have  been  formed.  Plate  XXII  B 
shows  sand  dunes  only  a  few  rods  distanct,  that  portion  in  the  fore- 
ground being  sand.  The  rocks  and  coarser  materials  were  left 
where  the  water  was  shallow.  Thus  we  have  the  rocks  along  the 
borders  of  the  streams  and  the  gravels  and  sandy  soils  on  benches  or 
shoulders  in  the  bottoms.  This  fact  is  illustrated  at  the  present 
time  by  the  variable  deposits  of  the  Missouri  river  where  it  changes 
its  course. 

Generally  there  is  a  considerable  amount  of  organic  matter  in  the 
channel  soils.  There  is  little  doubt  but  that  there  is  sufficient  humus 
to  produce  any  crop  that  will  grow  in  this  climate.  There  is  some 
evidence  of  alkali  in  the  valley  of  the  Little  Muddy,  but  with  proper 
drainage  under  the  irrigation  project  little  injury  to  the  crops  will 
be  noticed. 

The  soils  of  the  uplands  occupy  at  least  three-fifths  of  the  whole 
area.  There  are  two  general  types  of  the  upland  prairie,  viz..  loam 
and  stony  loam.  These  are  intermingled  sometimes  definitely  and 
at  other  times  very  obscurely. 

There  are  many  dry  coulees  and  channels  on  the  upland  which 
do  not  carry  water  even  in  the  wettest  season  of  the  year.  These 
were  formed  during  the  recession  and  melting  of  the  ice  sheet  where 
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vast  amounts  of  water  found  its  way  to  the  sea  by  the  channels  of 
the  least  resistance.  Along  these  channels  occur  many  rocks  which 
were  deposited  with  the  debris  of  the  glacier.  The  water  eroded 
away  the  lighter  soil  and  left  the  rocks  piled  sometimes  one  upon 
another  along  the  borders  or  in  the  bottom  of  the  channels.  This 
accounts  in  many  instances  for  the  occurrence  of  stones  along  the 
stream  courses. 

The  loam  soil  has  the  greatest  acreage  of  any  type  of  the  area 
and  is  the  best  soil  for  agricultural  purposes.  The  largest  con- 
tinuous areas  of  the  loam  type  are  found  in  townships  156  and  157 
of  ranges  97  and  98  west,  a  few  miles  north  of  Wheelock;  in  the 
vicinity  of  Epping,  in  townships  155  and  156  of  range  99  west; 
northwest  of  Spring  Brook  in  township  100  of  range  156  west 
It  occurs  everywhere  on  the  upland  except  where  the  stones  are 
numerous.  The  soil  or  upper  portion  of  the  type. is  from  eight  to 
ten  inches  in  depth.  It  is  of  a  dark  color  and  contains  considerable 
organic  matter.  The  subsoil  is  heavier  in  texture  than  the  soil  and 
is  quite  impervious  to  water.  This  last  characteristic  makes  the 
type  particularly  adapted  for  crop  production  in  a  semi-arid  region. 
It  is  upon  this  soil  that  Williams  county  depends  for  its  best  crops. 

The  stony  loam  covers  an  area  perhaps  one-fifth  as  large  as  tlie 
loam.  The  soil  and  subsoil  of  this  type  is  not  essentially  different 
from  the  loam  type  except  that  the  soil  is  a  little  more  shallow 
and  contains  less  organic  matter.  As  the  term  stony  loam  indicates, 
there  are  stones  in  great  abundance  in  the  type.  The  stones  vary 
in  size  from  small  pebbles  to  large  cobblestones.  They  are  entirely 
of  glacial  origin  and  occur  along  the  coulees  and  glacial  channels  in 
the  greatest  abundance,  but  are  not  infrequently  found  scattered 
over  the  prairie  both  singly  (Plate  XXIII  A)  and  in  areas  of  a 
few  acres  each  (Plate  XXIII  B).  Plate  XXIV  A  shows  the  type 
as  it  occurs  in  a  glacial  channel. 

As  before  indicated  the  stony  loam  occurs  along  the  stream  courses 
principally  but  in  nearly  all  of  the  worst  hilly  country  are  found 
stones  in  great  abundance.  This  type  is  particularly  characteristic 
of  the  morainic  hills  (see  Geology  of  the  Tower  Quadrangle),  which 
occur  over  a  considerable  i)ortion  of  the  Williston  area.  Good 
illustrations  of  these  hills  are  seen  to  the  east  and  west  of  the  Little 
^luddy  valley. 

There  is  a  very  great  variety  in  the  soils  of  the  area.  There  is 
therefore  a  great  opportunity  for  variety  in  crop  production.  The 
heavier   soils  are   adapted   to  the  production   of  garden  products, 
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(b)     THRESHING   OUTFIT,    IN    LITTLE   MUDDY    VALLEY. 
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<b)    THE  ROLLING  FRAIRIE  COU 


NORTH  OF  WILLI STON. 
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PLATE  XXVL 


(a)     FREEMAN'S    RANCH.    IN   LITTLE  MUDDY  VALLEY. 
Tbii    a    the    cfaancletiiiic    lypc    of    rincfa    barns     and    b>rny>rds— of    log*,     poorlj 


(b)     THE  SOIL  SURVEY  PARTY  IN  CAMP. 
■hown  is  about  1(  milci  north  of  WillUlon.     IJHle  Muddj  1 
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where  there  is  sufficient  water  supply,  and  the  lighter  or  more  sandy 
soils  are  adapted  to  the  production  of  small  grains. 

Thus  far  there  has  been  scarcely  any  production  of  garden  crops. 
The  seascxi  is  generally  long  enough  for  the  maturing  of  crops  of 
this  nature,  but  the  settlers  generally  have  devoted  their  attention 
to  the  raising  of  small  grains  rather  than  to  the  cultivation  of  these 
crops. 

At  the  present  time  there  is  produced  some  flax,  wheat,  oats  and 
barley.  Flax  is  seeded  generally  on  newly  broken  sod.  Eight 
bushels  is  about  an  average  per  acre  for  this  crop.  Wheat  is  raised 
to  some  extent.  Oats  and  barley  are  raised  entirely  for  feeding 
purposes. 

The  fallowing  and  spring  plowing  are  many  times  not  well  done. 
Shallow  plowing  is  frequently  seen.  Weeds  are  not  uprooted  and  as 
a  result  these  get  an  early  start  against  the  grain.  These  methods, 
with  lack  of  harrowing,  are  the  cause,  to  a  large  extent,  of  the  ap- 
pearance of  the  mustard  and  other  weeds  of  the  region.  Deep  and 
thorough  plowing  and  plenteous  harrowing  will  be  beneficial.  In  a 
region  of  sandy  soil  these  methods  are  particularly  good  as  it  is 
desired  to  conserve  as  much  moisture  as  possible.  This  applies 
directly  to  the  loam  type  of  the  area. 

Together  with  the  grains  mentioned  may  be  raised'  other  products 
such  as  alfalfa  and  timothy  hay.  A  few  fields  of  these  crops  are 
under  cultivation  at  the  present  time  and  no  doubt  is  entertained 
but  that  they  may  be  successfully  raised  on  the  irrigated  lands  of 
the  area. 

There  are  not  many  occupations  to  which  the  stony  loam  of  the 
area  can  profitably  be  put.  It  is  a  loss  of  time  and  labor  to  break 
this  prairie  sod'. which  grows  buffalo  grass  and  others  so  plentifully. 
The  soil  is  too  dry  to  produce  grain  and  too  rough  to  be  cultivated. 
Grazing  may  be  carried  on  with  profit  where  large  tracts  are  avail- 
able. Cattle,  horses  and  sheep  may  graze  here  among  the  rocks 
and  hills  where  cultivation  is  not  only  impracticable  but  in  many 
cases  imnossible. 

During  the  season  of  190G  two  soil  surveys  wxrc  made  in  North 
Dakota  in  co-operation  with  the  United  States  bureau  of  soils.  This 
co-operation  was  made  possible  through  the  assistance  and  support 
of  the  citizens  located  in  the  areas  surveyed,  both  by  personal  and 
financial  aid.  It  is  desired  to  convey  proper  appreciation  of  the  sup- 
port of  the  citizens  of  Williston  and  vicinity  in  furthering  the  work 
of  the  soil  survey. 
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a    preliminary    report  of  the  biological  division  of  the  soil 
survey  of  williams  county,  north  dakota, 

By  W.  B.  Bell.  Ph.  D. 


The  addition  of  the  biological  division  to  the  soil  survey  of  North 
Dakota  was  made  possible  during  the  past  summer  through  the  co- 
operation of  the  department  of  biology  of  the  Agricultural  College 
with  the  Agricultural  College  Soil  Survey. 

This  report  is  intended  to  present  only  a  few  subjects  of  general 
interest,  leaving  the  more  detailed  account  until  time  shall  have 
been  given  to  work  over  the  data  and  materials  gathered  with  all 
possible  care,  when  the  results  will  be  published  in  connection  with 
the  reports  and  bulletins  of  the  two  departments. 

Previous  to  this  time  work  along  this  line  had  been  done  in  several 
localities  throughout  the  state  by  Prof.  H.  L.  BoUey,  of  the  Agri- 
cultural College,  and  Mr.  L.  R.  Waldron,  now  director  of  the  sub- 
experiment  farm  at  Dickinson,  N.  D.,  but  owing  to  limited  financial 
support  the  work  was  accomplished  at  considerable  personal  sacri- 
fice. The  uniting  of  this  work  with  the  soil  survey  makes  a  distinct 
advance  by  providing  additional  facilities  for  carrying  forward  this 
branch  of  research. 

In  the  state  of  North  Dakota  where  agricultural  interests  are 
paramount  and  lie  at  the  foundation  of  all  her  splendid  industrial 
possibilities,  no  defense  is  needed  for  adding  to  the  study  of  the 
soils  an  investigation  of  the  native  plant  life  which  flourishes  upon 
them.  The  plants  which  have  succeeded  in  maintaining  themselves 
upon  the  soils  under  natural  conditions  throughout  the  centuries 
past  afford  a  crucial  test  of  the  soil,  and  a  thorough  knowledge  of 
them  gives  a  sound  basis  for  judgment  regarding  the  value  and 
fitness  of  the  land. 

Objects  of  the  Survey. — The  primary  objects  of  the  survey  may 
be  stated  briefly  as  follows:  First,  to  determine  what  cultivated 
crops  are  adapted  to  the  soil  and  climatic  conditions  prevalent  in 
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this  region.  No  more  important  problem  confronts  the  agriculturist 
than  to  ascertain  what  crops  he  shouW  cultivate  in  order  to  secure 
the  largest  possible  returns  in  proportion  to  the  time,  labor  and 
money  expended.  The  best  known  index  for  the  solution  of  this 
ever-pressing  question  lies  ready  at  hand  in  the  native  plants  them- 
selves. Through  the  long  periods  of  time  which  have  elapsed  the 
ancestors  of  the  present  plants  have  contended  with  the  prevailing 
conditions  which  surrounded  them.  The  plants  which  were  unable 
to  cope  with  these  conditions  have  been  weeded  out  and  leave  in 
the  rocks  only  enough  of  their  remains  to  tell  of  their  failure.  The 
plants  which  were  able  to  adapt  themselves  to  their  environment  and 
to  thrive  in  the  midst  of  their  surroundings  so  as  to  propagate  after 
their  kind  have  left  written  deep  in  the  structure  and  distribution 
of  their  descendants,  the  present  flora,  the  record  of  their  struggles 
and  final  triumph.  This  record  may  be  read  by  the  thoughtful, 
observant  man  and  be  interpreted  to  his  profit,  since  it  points  out 
the  characteristics  which  should  be  possessed  by  the  plants  that 
he  cultivates,  in  order  to  secure  the  full  measure  of  fruitfulness 
from  the  soil. 

Second :  To  investigate  the  relation  of  the  soil  and  moisture  to 
plant  life.  The  gathering  of  all  possible  data  upon  this  subject  is 
of  the  greatest  importance  at  this  time  when  the  bureau  of  soils 
at  Washington  and  various  experiment  stations  are  endeavoring  to 
ascertain  what  are  the  controlling,  factors  in  crop  production.  The 
trend  of  opinion  today  is  that  the  proportion  of  chemical  elements  in 
the  soil  is  of  far  less  importance  than  the  moisture  content  of  the 
soil  together  with  the  substances  dissolved  therein,  known  as  the 
soil  solution.  The  observations  made  during  the  past  summer  in 
this  survey  strongly  enforce  this  opinion.  • 

Third :  To  discover  native  plants  which  are  worthy  of  preserva- 
tion and  cultivation.  The  importance  of  selecting  from  the  native 
flora  those  grasses  and  other  plants  which  possess  food  or  forage 
value  for  improvement  by  cultivation  cannot  be  emphasized  too 
strongly.  Thousands  of  dollars  are  being  practically  thrown  away 
annually  in  North  Dakota  in  vain  attempts  to  introduce  crops  from 
other  localities  where  conditions  are  difTercnt.  These  attempts  are 
frequently  doomed  from  the  start  because  the  plants  are  not  adapted 
to  the  conditions,  and  failure  and  disappointment  are  the  natural 
results.  This  waste  is  going  on  while  at  our  very  doors  are  plants 
which  are  unsurpassed  for  nutritious  qualities,  perfectly  adapted 
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and  hardy  under  our  soil  and  climatic  conditions  which  would,  per- 
haps, g^ve  a  bounteous  yield  in  response  to  proper  cultivation.  It 
is  of  the  utmost  importance  that  this  matter  be  given  immediate 
attention  before  our  valuable  heritage  of  native  plants  shall  be  lost 
forever  to  civilization  through  their  ruthless  and  careless  destruction 
while  the  land  is  being  broken  up  for  cultivation  by  the  rapidly  in- 
creasing host  of  settlers  who  are  coming  to  make  hcttnes  and  de- 
velop the  resources  of  North  Dakota.  The  eastern  portions  of  our 
country  have  incurred  serious  loss  which  can  never  be  retrieved 
through  the  destruction  of  their  valuable  native  flora,  and  the  west 
may  well  profit  by  this  ejcperience. 

Fourth:  To  ascertain  the  location  and  distribution  of  noxious 
weeds.  Weeds  are  always  a  trouble  and  menace  to  the  fanner  be* 
cause  of  the  labor  involved  in  their  suppression  and  the  reduction 
in  value  of  his  products  due  to  the  presence  therein  of  the  seeds  of 
injurious  weeds.  Moreover  forms  which  are  poisonous  to  man  and 
beast  should  be  located  in  order  that  they  may  be  eradicated  or 
guarded  against. 

The  easiest  time  to  keep  these  pests  under  control  is  while  the 
country  is  new  before  any  troublesome  forms  have  had  an  oppor- 
tunity to  gain  a  secure  foothold.  It  is  a  temptation  to  feel  that 
while  the  land  is  new  the  weeds  will  not  bother  much.  This  leads 
one  to  adopt  lax  methods  of  cultivation  until  the  weeds  become 
numerous  and  widespread  and  have  seeded  the  land  so  thoroughly 
that  their  control  becomes  a  matter  of  great  labor  and  expense  if 
not  an  absolute  impossibility.  The  annual  loss  therefrom  also  con- 
stitutes a  continuous  drain  upon  the  resources  of  the  land  and  re- 
duces seriously  the  profits  of  the  owners. 

Fifth :  To  contribute  materials  and  sound  data  to  the  rapidly  in- 
creasing sum  of  accurate  scientific  knowledge  of  the  flbra  of  North 
Dakota.  The  well-known  contributions  which  pure  biologic  science 
has  made  to  human  welfare  renders  it  superfluous  to  dwell  at  length' 
upon  the  importance  of  this  phase  of  the-  work. 

Other  objects  might  be  enumerated,  but  the  above  will  serve  to 
i^ive  a  conception  of  the  principal  purposes  of  this  North  Dakota 
Biological  Survey. 

Methods  of  Procedure, — ^Careful  collections  were  made  of  all 
plants  which  were  found  within  the  area  during  the  season  of  survey. 
Many  duplicates  of  all  forms  collected  were  made  whenever  pos- 
sible.   These  materials  were  carefully  pressed,  dried  and  conveyed 
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CLAIJE    SHACK    IN"    PHOCKSS   OF   CONSTRUCTION. 


wall  hu  not  b«Ti  complcled.     The  prairie  surrounding  is  tbe  characteristic  laudtcape  of 
a  large  part  of  Williamt  county,  and  shows  somt  o(  the  native  plants. 


(b)     HABITATION    NOW    OCCUPIED,    ON   THE    MISSOURI    RIVER   BOTTOMS. 

The  Tegetalion  is  that  which  abounds  on  these  flats.  Some  Large  trees,  with  4  dcfue 
undergrowth  of  pcrenniaf  and  annuaf  plants.  Grapes^  bops,  cherries,  plutns  and  gooac- 
bcrriCB  grow  naturalty  here,  a  suggeslion  of  what  these  lands  would  do  under  cultHmtioo* 
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to  the  herbarium  of  the  Agricultural  College  where  they  are  kept 
for  detailed  study.  A  record  was  kept  of  the  exact  quarter  section 
from  which  each  plant  was  collected,  together  with  notes  upon  the 
lay  of  tlie  land,  soil  and  moisture  conditions,  whether  the  land  was 
broken  or  unbroken  and  whether  the  plants  were  native  or  intro- 
duced. Record  was  also  made  of  the  distribution  of  the  various 
plants  and  collections  were  made  to  show  the  typical  flora  prevailing . 
upon  the  various  types  of  soil  and  under  the  various  topographical 
conditions.  The  plants  collected  also  allow  one  to  judge  of  the  in- 
fluence of  environment  upon  each  species.  Data  were  gathered 
regarding  the  forage  and  hay  value  of  various  species  of  grasses, 
and  the  proportions  of  the  predominating  grasses  in  the  different 
areas  were  noted. 

Area  Covered  by  the  Biological  Survey. — The  area  over  which 
it  was  possible  to  extend  the  biological  survey  included,  in  general, 
a  short  strip  of  the  valley  of  the  Missouri  river  on  each  side  of  the 
point  where  it  is  joined  by  Little  Muddy  creek  near  Williston,  to- 
gether with  the  Little  Muddy  valley  and  the  greater  portion  of  the 
upland  drained  by  the  Little  Muddy  and  Sand  creeks  and  their 
tributaries.  This  area  comprises  within  it  the  land  which  is  to  be 
irrigated  by  the  Williston  Irrigation  Project  of  the  U.  S.  Reclama- 
tion Service.  For  a  more  detailed  statement  of  the  location  of  the 
area  and  a  discussion  of  the  kinds  of  land  found  here  see  the  ''Pre- 
liminary Report  of  the  Soils  of  Williams  County,"  by  Rex  E.  Wil- 
lard,  page  122  of  this  issue. 

Flora  of  the  Area. — A  rapid  preliminary  examination  of  the  col- 
lection reveals  the  fact  that  at  least  fifty-five  orders  are  represented 
by  the  number  of  genera  shown  in  the  following  list : 

Orders  Number  of  Genera 

Alismaccai    o 

Amaryllidacc?e 1 

Anacardiaceui    T. 

ApocynacCcC 1 

Asclepiadaccai \ 

Borraginacce 2 

Cactaceai o 

•••••••••••  ^ 

Campanulaccae \ 

Capparidaceae 2 

Caprifoliaceae 1 

Caryophyllaceae 3 

Survey— 10 
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Chenopodiaceae   2 

Compositae  .  .• 25 

Coniferae   1 

Convolvulaceae 1 

Cornaceae   1 

Cruciferae 10 

Cyperaceae   2 

Elaeagnaceae  2 

,        Equisetaceae  

Ericaceae  

Gentianaceae ■ 

Geraniaceae 2 

Gramineae 2 

Hydrophyllaceae    ' 

Iridaceae  

Jimcaceae 

Labiatae  . .  .* 

Legnminosae 

Lentibulariaceae 

Liliaceae    

Linaceae 

Malvaceae  

Nyctaginaceae    

Oleaceae    

Onagraceae 

Orobanchaceae   

'         Phytolaccaceae   

Plantaginaceae 

Polemoniaceae    

Polygalaceae 

Polygonacece    

:         Primiilaccae    

Ranunculaccae    

Rosaccae   

Rubiacc*T    • ^ 

Salicace?c    2 

Sapindacce    2 

Saxifraja^aceie 2 

ScrophiilariacCce    '^ 

TypliacCc'e    •         1 
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PLATE  XXVItL 


(b)     THE   ROLLING  PRAIRIE   OF   NORTHERN   WILLIAMS    COUNTY. 

white  weed,  which  grows  on  neglected  ploughed  lands;  young  cDttonwood  Iree*  in  mi 
dliUoce;   unploughed   prairie  dotted   with   the  cliim  abacln  of  tiomesleaderi   in  diiti 
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^ §__ 

Umbelliferae 6 

Urticaceae 2 

V'iolaceae 1 

Vitaceae    1 

Thus  it  is  seen  that  at  least  152  genera  were  represented  in  this 
area  during"  the  season  from  June  18th  to  August  18th.  Doubt- 
less the  number  of  genera  will  be  considerably  increased  after 
a  careful  study  has  made  it  possible  to  identify  accurately  all  the 
forms  in  the  collection.  Beside  these  lichens  and  fungi  were  col- 
lected. The  fungi  represent  several  forms  of  plant  disease.  No 
attempt  has  been  made  to  give  the  number  of  species,  which  will 
be  soniewliat  greater  than  the  numlxr  of  genera.  A  complete 
classification  will  be  left  for  a  detailed  rej)ort  which  will  appear 
later. 

Brief  F.conoinic  Xotcs. — Among  the  grasses  of  the  area  the 
following  are  worthy  of  attention  because  of  their  hay  and  forage 
value : 

Stipa  viridula,  Stipa  coronata,  Koeleria  cristata,  Agropyron 
caninum,  Agropyron  occidentale,  Andropogon  furcatus,  Elymus 
Canadensis  and  Bouteloiia  oligostaohya.  One  excellent  field  of 
timothy  (Phleum  pratense)  was  observed  on  section  22,  township 
15()  north,  range  102  west,  showing  that  this  cultivated  grass  is 
fairly  hardy  in  this  region  when  once  started. 

Comparatively  few  injurious  weeds  have  been  introduced  and 
care  should  be  taken   to  prevent   its  occurrence. 

The  following  native  or  introduced  weeds  should  be  eradicated 
or  kept  carefully  under  control : 

Camelina  sativa  (false  flax),  a  bad  weed  in  flax  fields;  Lichnis 
githago  (corn  cockle)  and  Brassica  sinipistrum  (mustard),  trouble- 
some in  wheat  fields;  Taraxacum  oflficinale  (dandelion)  a  pest 
in  lawns,  not  native  in  North  Dakc^ta,  and  just  making  a  start  in 
Williston ;  Ilordeum  juhatum  (wild  barley),  an  injurious  grass 
growing  in  moist  situations. 

The  poison  oak  or  j)ois()n  ivy  (Rhus  toxicodendron)  is  very 
abundant  in  the  Missouri  lowkinds  and  occasional  in  coulees  in 
uplands. 

Water  hendock  (C'icuta  maculata).  a  i)lant  which  is  very  ])oi- 
sonous  to  stock,  is  quite  abundant  along  Little  Muddy  creek  and 
its  branches  where  it  has  already  been  known  to  cause  the  death 
of  cattle.    The  presence  of  wild  flax  (Linum  perenne)  is  significant 
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as  it  grows  native  in  the  better  flax  producing  districts  of  Europe/ 
Asia  and  North  America. 

The  wild  hop  (Humulus  Canadensis)  grows  abundantly  upon 
the  low  alluvial  flats  along  the  Missouri  as  in  other  similar  situa- 
tions  throughout  North  Dakota.  Owing  to  the  dryness  of  the  cli- 
mate here,  which  would  appear  to  be  favorable  for  curing  hops,  the 
occurrence  of  the  wild  hop  seems  to  indicate  the  possibility  of  de- 
veloping a  profitable  hop  raising  industry  by  proper  cultivation  of 
suitable  varieties. 

The  buffalo  berry  (Sheperdia  argentea)  produces  a  fruit  which 
yields  a  good  quality  of  jelly.  Since  it  grows  upon  steep  banks 
which  are  not  suitable  for  cultivation  it  may  be  grown  to  advantage 
upon  these  otherwise  practically  worthless  places. 

The  wild  gooseberry  (Ribes  grossularia)  responds  well  to  culti- 
vation and  yields  a  good  quality  of  fruit.  Some  good  thornless 
strains  are  to  be  found  in  this  region. 

The  occurrence  here  of  such  large  numbers  of  native  legumin- 
ous plants  indicates  the  suitableness  of  the  soil  for  the  production 
of  legume  crops  such  as  peas,  beans,  etc.  Their  presence  also  gives 
assurance  of  a  virgin  soil  rich  in  nitrogen  because  of  the  nitrogen 
producing  tubercles  situated  upon  their  roots.  I 

Two  valuable  drug  plants  should  be  mentioned :  Polygala  senega 
(Seneca  snakeroot)  is  at  present  worth  forty  cents  per  pound  and 
is  steadily  advancing  in  value.  Brauneria  augnstifolia  (purple 
coneflower)  is  rapidly  increasing  in  importance  and  is  much  in 
demand  in  this  country.  There  is  also  an  increase  in  the  foreign 
consumption  of  the  drug.  The  people  of  this  area  are  in  a  position 
to  save  these  two  valuable  drug  plants,  which  are  abundant  here, 
by  proper  cultivation. 

Zoological  Work. — Lists  were  prepared  of  the  native  mammals 
and  birds  observed  in  this  region  and  some  collections  were  made. 
Collections  were  also  made  of  the  insects,  especially  the  butterflies, 
moths  and  beetles,  noting  especially  those  most  common  upon  uncul- 
tivated areas. 

Agricultural  College,  North  Dakota,  November  12,  1906. 
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The  state  of  North  Dakota  inchides  within  the  arbitrary  boundarv 
Hnes  of  its  rectangular  outHnc  parts  of  two  cHstinct  geoq^raphic 
districts.  The  hnc  separatinj^j"  these  districts  extends  northwest- 
southeast  approximately  parallel  with,  and  about  sixty  miles  east 
of,  the  course  of  the  Missouri  river.  More  accurately  described 
it  crosses  the  state  from  the  extreme  northwest  corner,  southeast- 
ward through  western  Ward,  eastern  McLean  and  central  Stuts- 
man counties,  to  the  southern  boundary  in  the  western  j)art  of 
Dickev  county.  This  line  marks  very  nearly  the  eastern- facine 
slope  or  escarpment  of  a  great  westward  rising  bench  of  upland, 
the  Missouri  Plateau.  The  escarpment  rises  abruptly  to  an  alti- 
tude of  300  to  400  feet  above  the  generally  level  plain  on  the  east. 
(Plate  XXIX.) 

Escarpment. — The  geographic  significance  of  this  natural  boun- 
darv lies  in  the  fact  that  here  the  Prairie  Plains  end  and  the  Great 
Plateau  begins.  Extending  north,  perhaps,  to  the  Arctic  ocean,  and 
south  almost  to  the  Gulf  of  Mexico,  though  less  conspicuous  as  a 
feature  of  the  landscape,  this  earth  bench  or  escarpment  is  the 
continental  threshold  from  the  low  central  prairies  to  the  Great 
plateaus  which  rise  thence  westward  up  the  continental  slope  to 
the  hills  of  the  Rocky  Mountains. 

Boundary. — The  southwestern  j)art  of  North  Dakota  is  thus  in- 
cluded within  the  .<:^ci\c:rai)liic  district  of  the  Missouri  riatcaus. 
This  plateau-[)r()vince  extends  a  short  distance  across  the  Inter- 
national Boundary  line  as  far  as  the  divide  between  the  head  waters 
of  the  Saskatchewan  river  and  the  S(Hithward-ll<)winiX  trilnitaries  of 
the  upper  Missouri  river,  its  southern  l)i)un(lary  extends  through 
central  Wyoming  as  the  (Hvide  between  the  Platte  and  "S'ellowstone 
rivers,  and  thence  eastward,  southward  of  the  llhick  Hills,  to  the 
Missouri  Escarpment  in  central  South  Dakota.  A  brief  review  of 
the  principal  features  of  this  relatively  large  physiographic  district 
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is  here  given  in  order  to  set  forth  more  fully  the  geographic  rela- 
tions of  that  part  within  the  state  of  North  Dakota. 

Great  Plains. — The  region  known  as  the  Great  Plains  extends 
from  some  distance  beyond  the  Rio  Grande  river  in  Mexico  through 
the  United  States  and  far  into  British  America.     This  zone  con- 
stitutes a  geographic  province,  a  fairly  distinct  natural  division  of 
th€  continental  surface.     A  four-sided  section  from  the  northern 
end  of  the  Great   Plains  belt  is  set  apart  from  the  surrounding 
country  by  natural  boundaries  and  has  been  designated  The  Mis- 
souri Plateau  District.     An  internal  unity  in  the  development  and 
structure  of  its  physical  features  also  warrants  this  separation.    The 
surface  features  of  the  region  are  simple  but  developed  on  a  grand 
scale.    The  western  border  of  the  plateau,  where  it  merges  into  the 
eastern  flanks  of  the   Stony  Mountains,  has  an  altitude  ranging 
from  4,500  to  G,000  feet.    Its  eastern  margin,  the  escarpment  before 
mentioned,  facing  the  glacial  plains  of  eastern  North  Dakota,  has 
an  average  altitude  of  about  2,000  feet.    The  bluffs  of  the  Missouri 
in  the  western  part  of  its  course  through  North  Dakota,  toward 
which  the  principal  rivers  of  the  region  flow,  have  an  altitude  of 
2,000  feet.    This  gives  a  fall  to  the  generally  southeastward  sloping 
plateau  surface  of  about  ten  feet  per  mile.     The  rates  of  slope 
vary   considerably  in  different  districts  but  on  the  wdiole  by  far 
the  greater  part  of  the  fall  lies  within  the  western    half     of    the 
plateau.     That  is,  the  surface  rises  more  rapidly  as  it  nears  the 
mountain  region  on  the  west.     In  the  eastern  part,  considering  a 
wide  district,  the  countrv  is  almost  level. 

General  Topography  and  Structure. — A  conception  of  the  gen- 
eral structure  and  topography  of  the  district  as  a  whole  may  be 
formed  by  considering  the  plateau  a  vast  earth  block,  two  miles 
in  thickness  and  500  miles  square,  built  up  of  level-bedded  rode 
layers.  The  western,  somewhat  ragged,  edge  is  warped  up  against 
the  mountain  slope  and  beveled  off  by  the  corrosion  of  mountain 
strean's ;  the  eastern  margin  is  worn  down  by  erosion  to  a  steep 
slope  facing  the  prairies  on  the  east ;  from  above,  the  surface  of 
the  block  has  been  deeply  trenched  by  winding  streams  and  sculp- 
tured by  weathering;  from  l>eneath,  under  the  western  half  of  the 
block,  the  layers  have  been  riven  and  thrust  into  by  plugs  and 
dikes  of  molten  rock,  and  in  many  places  pierced  through  and 
through  by  the  forces  from  below,  allowing  the  lava  to  flow  out  upon 
the  surface.     So  forceful  was  the  upthrust  of  the  fiery  columns 
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(b)     ALKALI  LAKE,  IN  HILL  COUNTRY  NORTH  OF  WILLISTON. 
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that  the  strata  were  lifted  bodily,  the  bedded  structure  wedged  and 
spread  apart,  and  the  uj^r  layers  completely  overturned. 

Laccolite  Mountains. — ^These  upwellings  of  molten  rock  in  many 
cases  assumed  the  form  of  vast  reservoirs  and  lak^s  of  lava ;  such 
fluid  masses,  since  hardened  into  solid  rock,  were  so  enormous  in 
dimensions  that  out  of  them  the  agencies  of  rain  and  rivers  have 
carved  whole  mountain  ranges.  The  mass  of  solidified  magma 
out  of  which  the  sculpturing  agencies  formed  a  mountain  is  called 
a  laccolite.  An 'example  of  the  upthrusted  laccolite  mountain  is 
the  Madison  Range*  northwest  of  Yellowstone  Park.  The  peaks 
of  this  range  now  stand  at  an  altitude  of  a  mile  above  the  general 
level  of  the  plateau. 

Lesser  Plateaus. — The  major  streams  and  their  great  tributaries 
have  deeply  trenched  the  surface,  forming  wide  valleys  bordered 
by  steep  bluffs.  Irregular  masses  capped  by  the  horizontal  layers 
of  the  great  j^lateau  have,  in  this  manner,  been  blocked  out  by 
the  tortuous  streams  thus  forming  lesser  plateaus.  Such  tabular 
mountains  are  an  especial  feature  of  the  western  and  central  por- 
tions of  the  district.  In  the  eastern  part  of  the  region  and  along 
the  lower  courses  of  the  rivers  erosion  has  been  more  eflFective 
in  broadening  the  slopes  and  removing  the  original  plateau  surface. 

The  Missouri  Plateau  in  North  Dakota, — ^The  foregoing  general 
description  applies  to  the  plateau  region  as  a  whole;  that  part  of 
North  Dakota  extending  eastward  to  the  Missouri  escarpment  dif- 
fers widely  in  the  minor  details  and  in  some  of  the  larger  features 
of  its  topography.  Broad  tabular  uplands  have  disappeared  and 
a  wide  undulating  prairie-plain  is  the  dominant  feature  of  the 
land-scape.     (Plate  XXX.  A.) 

Controlling  Agencies, — Here,  more  especially  than  elsewhere 
throughout  the  plateau,  the  ^Missouri  river  and  its  tributaries  are 
the  controlling  agencies  of  topographic  development.  The  hills, 
ridges,  valleys  and  plains  constitute  the  topography.  The  work 
of  excavation  accom])lishc(l  by  the  streams  is  represented  by  the 
amount  of  earth  necessary  to  fill  in  their  valleys  up  to  a  level  with 
the  highest  hilltops.  The  hills  down  to  the  level  of  the  lowest 
streams  of  the  rcginn  re])resent  the  unfinisherl  work  of  the  rivers. 

Diznsions. — The  Missouri  river  flowing  diagonally  across  the 
state  divides  the  North  Dakota  plateau  region  into  two  parts,  viz: 
a  wide  plain  sloping  eastward  to  the  river  bluffs  on  the  west,  and 
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a  narrow  belt  bordering  the  river  and  extending  to  the  Missouri 
Escarpment  on  the  east.     (Plate  XXIX.) 

Slopes. — In  the  western  portion  the  plain  is  characterized  by 
slopes,  wide  and  gentle  for  the  most  part,  but  steep  and  rugged  in 
the  vicinity  of  streams  and  their  headwaters.  Arranged  apparently 
without  order,  yet  every  slope,  gentle  or  steep,  leads  downward 
ultimately  to  the  channel  of  a  stream.  The  slopes  form  a  system 
of  drainage-planes  merging  into  each  other  with  decreasing  steep- 
ness from  the  highest  to  the  lowest.  These  slopes  were  formed  by 
running  water  except  in  cases  w^here  gravity  has  directly  caused 
the  caving  of  banks  and  sides  of  lofty  summits.  Every  hillside 
is  also  a  part  of  the  side  of  a  valley.  Hence,  the  surface  of  the 
country  is  said  to  be  completely  drained.  Lakes  and  marshes  do 
not  exist.  Streams  have  formed  and  are  still  controlling  the  features 
of  the  plain. 

Comparison  With  Ice  Plains, — To  fully  appreciate  this  type  of 
topography  it  should  be  compared  with  that  of  the  Prairies,  the 
ice-made  plains,  extending  eastward  from  the  Missouri  escarpment 
to  the  valley  of  the  Red  River  of  the  North.  Wide  regions  in 
this  part  of  the  state  are  wholly  undrained.  Since  the  retreat  of 
the  glaciers,  beneath  which  all  former  drainage  lines  were  effaced, 
the  modern  streams  have  not  had  sufficient  time  to  extend  their 
valleys  and  drain  all  depressions.  Here  hills  exist  without  valleys. 
Marshes  and  lakes  are  obtrusive  features  of  the  landscape.  (Plate 
XXX.  B.) 

Major  Streams  of  the  Plateau  Region. — The  Cannon  BaH,  the 
Knife,  the  Heart,  the  Little  Missouri  and  the  "Big"  Missouri  arc 
the  principal  rivers  of  the  plateau  district  of  North  Dakota.  The 
Cannon  Ball,  Heart  and  Knife  rivers  rise  in  a  narrow  divide  running 
north  and  south  parallel  with  the  Little  Missouri  river.  The  streams 
flow  thence  eastward  in  very  tortuous  channels  to  the  Missouri 
river.  Wide  valleys  bordered  by  steep  bluffs  have  been-  eroded 
in  the  plateau  surface.  Extensive  flood  plains  and  terraces  have 
been  devel()])e(l  in  the  valleys.  A  remarkable  feature  of  each  of 
these  rivers  is  its  relatively  long  and  narrow  drainage  basin.  The 
tributaries  arc  short;  tliey  join  the  main  valleys  at  right  angles,  and 
in  nearly  every  instance  are  intermittent  streams.  The  streams 
flowinjT;'  in  the  main  channels  during  the  summer  season  are  diminu- 
tive when  compared  with  tlie  valleys  which  they  occupy.  These 
marked  characteristics  of  tlic  streams,   viz :  their  parallel  courses 
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BUTTES    NEAB    DOGTOOTH,    MORTON    COUNTY. 
■  of  rock  protect  Ibe  lop)  of  the  bulte*.     GtuJns  Unds  lun 


(b)     SENTINEL  BUTTE  IN   DISTANCE. 
Sentinel  Bulte  tuiion  on  Noitbern  Piciiic  railway,   Biilinj 
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Jide  by  side,  the  long  narrow  region  which  eadi  drains,  their 
>inuous  courses,  wide  valleys,  extensive  flats  and  terraces,  find 
explanation  in  the  climate  of  the  region,  the  structure  of  the  rocks 
md  the  slope  of  the  plateau  surface.  The  basins  are  narrow  and 
parallel  and  approximately  equal  in  extent  because  the  long  uniform 
slope  and  structure  of  the  plateau  gave  to  one  stream  no  advantage 
>ver  the  other  in  the  cours-2  of  their  development,  but  distributed 
the  run-off  meagrely  and  equally  without  showing  favor  to  any 
>ne  growing  valley  more  than  to  another. 

The  disproportion  between  the  valley  and  its  stream  during  most 
Df  the  year  is  due  to  the  great  variation  in  the  volume  of  water 
:arried  at  different  seasons.  Every w^here  the  major  features  of 
a. stream  valley  are  an  expression  of  the  vigorous  activity  of  its 
flood  waters.  During  the  short  period  of  high  water  the  more 
swiftly  flowing  stream  is  armed  with  weapons  of  abrasion  for 
battering  away  the  high  w^alls  and  bottom  of  its  valley,  and  loaded 
with  coarse  material  for  building  up  flood  plains  and  terraces.  The 
small  and  gentle  stream  at  low  water  does  little  except  to  modify 
the  results  of  its  more  vigorous  working  days.  This  general  law 
of  streams  is  more  especially  applicable  in  the  semi-arid  plateau 
country  where  the  precipitation  in  violent  rainfalls  and  rapidly  melt- 
ing snows  is  carried  by  the  rivers  only  during  limited  seasons  of 
the  year. 

Another  important  factor  in  producing  the  relatively  wide  valleys 
with  their  attendent  deposits  is  the  long  course  of  the  streams  with 
slight  fall.  The  rivers,  laden  with  debris  from  the  easily  eroded 
rocks  of  the  region,  do  little  downward  cutting;  dropping  their 
loads  at  intervals  only  to  take  them  np  again.  The  streams  swing 
beavily  from  side  to  side  thus  undercutting  the  bluffs  and  widening 
the  valleys. 

The  low  angle  at  wliich  the  tributaries  enter  the  main  valleys  is 
also  due  to  the  slight  decline  of  the  slope  of  the  main  valleys. 

The  stage  in  the  devclo])mcnt  of  the  river  systems  and  their 
concomitant  topography  is  to  be  considered  in  accounting  for  the 
mode  of  action  of  tlic  streams  at  present.  Rivers  are  said  to  pass 
through  three  stages  in  their  growth  and  development :  youth,  ma- 
turity and  old  age.  So,  also,  the  t<3pogra])hic  features,  hills,  etc., 
are  at  corresponding  periods  of  the  river,  young,  mature,  and  old. 
Young  rivers  have  narrow  valleys  with  broad-topped  hills  between 
their  heads  and  branches ;  they  are  vigorous  streams,  cutting  down- 


138      DESCRIPTION   OF  THE  PLATEAU  REGION  OF  NORTH   DAKOTA 

ward  for  the  most  part  but  with  large  undrained  territory  surround- 
ing; much  of  their  work  remains  to  be  done.  Such  is  the  stage 
of  the  rivers  in  the  western  part  of  the  Missouri  Plateau. 

A  mature  river  has  a  wide  valley ;  the  vigor  of  down-cutting  is 
diminished;  all  the  region  intervening  is  carved  into  valley  slopes; 
none  of  the  upland  surfaces  are  flat;  the  river  is  working  at  its 
maximum  rate  of  erosion  and  transportation.  After  this  stage 
comes  the  course  of  decline  in  activity  until  old  age — senility — is 
reached,  when  the  river  corrodes  and  transports  no  more?;  the 
steepness  of  its  channel,  which  gave  to  it  vigor  in  youth  and 
maturity,  is  gone ;  hence,  it  flows  slowly ;  all  intervening  hills  are 
cut  away  to  expressionless  slopes  on  a  featureless  plain.  The  river's 
work  is  done. 

The  Heart  and  its  two  neighboring  streams,  the  Cannon  Ball 
and  Knife  rivers,  have  passed  the  stage  of  maturity  and  are  on 
the  decline.  Only  in  isolated  places  does  any  of  the  old  plateau 
surface  remain ;  these  arc  the  hills  with  flat  summits,  the  true 
"buttes"  of  the  region.  (Plates  XXXI.  A  and  B ;  XXXVIII.  B.) 
They  are  few  and  represent  tKe  fragments  of  the  unfinished  task 
of  maturity.  For  the  most  part  the  plateau  surface  has  been  cut 
away  and  the  hills  lowered. 

The  Little  Missouri  River. — The  Little  Missouri  river  rises  near 
the  junction  of  the  Missouri  Plateau  with  the  mountains,  in  north- 
eastern Wyoming,  and  between  the  head  waters  of  the  Belle  Fourche 
and  Powder  rivers.  It  flows  thence  north  bv  east  to  central  McKen- 
zie  county,  North  Dakota,  where  it  swings  broadly  to  the  east 
and  flows  to  the  Missouri  river. 

Basin, — The  Little  ^lissouri  resembles  the  other  rivers  above  des- 
cribed in  this  part  of  the  state  in  having  a  long  and  narrow  drainage 
basin.  Its  length  is  al)ont  320  miles;  in  width  it  varies  from  a 
maximum  of  fifty  miles  to  a  minimum  of  twentv-five  miles. 
Throughout  by  far  the  greater  part  of  its  course  the  mean  width 
is  nearer  the  latter  figure. 

Relation  to  Other  Streams. — By  reference  to  the  map  it  will  be 
notal  that  the  Little  Missouri  stands  in  a  peculiar  relation  to  its 
neii^hboring  streams.  It  flows  obedient  to  the  long  northward 
sloi)e  of  the  plateau  but  dangerously  near  the  hip,  or  edge,  where 
that  breaks  down  to  the  short,  east-facing  slope.  It  thus  crosses 
close  against  the  head  waters  of  the  Moreau,  Grand,  Cannon  Ball, 
Heart  and  Knife  rivers,  separated  from  their  head  valleys  only  by 
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(.)     BURNING  COAL  MINE.  NEAR  SULLY  SPRINGS,  BlLLi;iGS  COUNTY. 

e  photograpb  wu  taken.     Tliii  mine  ll 


(b)     "THE  SENTINEL."     SUMMIT  OF  SENTINEL  BUTTE, 
n  the  hale*  underiiealh  the  rock*  wolve*  make  their  den.  Sauditone  rock. 
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very  low  and  narrow  divide.  The  rivers  above  mentioned  have 
pushed  their  heading  valleys  westward  up  the  slope,  encroaching 
upon  the  territory  of  the  Little  Missouri  until  at  several  points  the 
ridge  parting  their  waters  is  less  than  six  miles  from  the  banks  of 
the  latter  stream.     (Plate  XXIX.) 

Piracy. — ^The  Little  Missouri  is  in  imminent  danger  of  having 
its  basin  invaded  and  upper  waters  "pirated"  away  by  any  one  of 
its  unfriendly  neighbors  on  the  east.  This  process  of  "beheading'' 
a  river,  or  of  diverting  the  waters  of  one  stream  into  the  valley 
of  another  is  called  "piracy."  The  invading  river  is,  of  course,  the 
"pirate."  The  Little  Missouri  is  most  unfortunately  located  in  this 
respect,  having  such  a  threatening  number  of  would-be  pirates  on 
its  eastern  flank.  This  process  of  robbing  the  Little  Missouri  of 
its  waters  has  already  been  initiated  by  the  l>ellc  Fourche  river, 
a  tributarv  of  the  Chevenne.''' 

The  upper  L")0  miles  of  the  Belle  Fourche,  that  portion  extending 
from  the  sharp  beml  northwest  of  the  lUack  Hills,  originally  be- 
longed to  the  Little  Missouri.  The  place  where  the  latter  stream 
was  beheaded,  the  channel  of  the  Little  Missouri,  is  the  "Stoneville 
Flats"  (see  10,  Plate  XXIX.)  shown  on  the  topographic  map  of 
the  Alladin  Quadrangle.  This  cutting  up  of  the  Little  Missouri's 
valley  piecemeal  and  diverting  the  sections,  once  begim  at  its  head 
waters,  is  more  likely  to  be  continued  by  the  streams  successively 
heading  against  its  course  lower  down ;  each  removal  weakens  the 
power  to  intrench  its  channel  deep  enougli  to  be  .beyond  the  reach 
of  its  foe. 

Bad  Lands, — The  basin  drained  by  the  Little  Missouri  is,  through- 
out its  larger  part,  the  region  of  the  Bad  Lands.  The  river  flows 
through  the  center  of  the  Bad  Land  belt.  The  tributaries  descend 
to  the  deeply  intrenched  main  streams  by  steep  gradients:  these 
short  branches  fed  by  storm  waters  have  cut  deep  into  the  soft 
clav  beds.  The  headini^:  coulees  extend  out  most  intricately  in  all 
directions.  There  i^  little  weatherins:,  no  soil  except  in  the  valley 
bottoms,  and  erosion  in  its  most  vijL^onnis  phase  is  the  controlling 
factor.  The  re.>nlt  is  a  jnnihle  of  tC)|)o<^raphic  forms  that  beggar 
description.  There  is  no  heauty  here.  Steep  hills  with  uj^ly  bulging 
flanks  stand  f(H)t  to  f(K)t.  corrugated  up  and  down  their  naked  sides 
with  rain  gutters.  In  places,  hills  like  monstrous  earth- warts  are 
scattered  over  the  surface  o^  a  level  plain.     Sharp-crested  ridges 
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wind  in  and  out  forming  cirques  and  amphitheatres  at  the  heads 
of  streamless  valleys  below.  Vertical  pillars  (Plate  XXXII  B.) 
and  walls  of  clay,  the  veritable  mud  fences  of  proverbial  fame,  stand 
along  the  sides  of  deeply  worn  channels.  From  within  the  valleys 
no  extended  view  can  be  obtained;  the  observer  is  surrounded  by 
vertical  or  steep-rising  slopes  on  all  sides.  (  Plate  XXXIII  A. )  From 
the  top  of  a  lofty  butte  the  landscape  appears  a  myriad  of  hilltops 
closely  set  together  and  massed  back  of  each  other  until  they  blend 
far  away  in  a  level  sky  line.     (Plate  XLV  B.) 

Structure. — In  this  region,  where  the  streams  have  deeply  dis- 
sected the  plateau  the  structure  and  composition  of  the  rock  are 
readily  seen.  They  are  built  up  of  horizontal  strata,  "one  layer 
above  another  like  boards  in  a  lumber  pile."  The  composition  is 
fine  sediment,  beds  of  clay  and  sand  for  the  greater  part  alter- 
nating w^ith  each  other. 

Name. — The  Bad  Lands  were  so  named  by  the  early  French 
explorers  because  they  found  them  lands  difficult  to  travel  through. 
The  country  seems  to  have  sustained  that  reputation  ever  since. 
There  is  practically  no  direction  of  traversing  the  region  except 
by  way  of  the  waters.  All  roads  follow  the  courses  of  winding 
streams. 

Utility  of  the  Bad  Lands. — The  Bad  Lands  constitute  an  excellent 
grazing  country.  Extensive  fields  of  alfalfa  are  grown  on  the  flats 
and  bottom  lands  along  the  Little  Missouri  and  its  tributaries  for 
winter  forage.  Two  crops  of  alfalfa  may  be  matured  in  one  season 
on  the  same  land.  Excellent  water  from  wells  is  obtained  at  depths 
of  twenty  to  sixty  feet. 

Coal. — Beds  of  lignite  coal,  varying  in  thickness  from  a  few 
inches  to  upwards  of  eight  feet,  are  found  interstratified  with  the 
soft  rock  layers.  Throughout  the  plateau  district  of  North  Dakota 
as  well  as  in  the  Bad  Lands  this  lignite  outcrops  from  the  hillsides 
or  lies  in  extensive  seams  as  the  foundation  layers  of  the  buttes. 
(Plates  XXXI  B  and  XXXIII  B.) 

A  Burning  Mine. — In  a  few  places  in  the  Bad  Lands  country  the 
outcroi)ping  beds  of  coal  have  become  ignited  and  are  now  burning 
back  under  the  hills.  As  the  fire  advances  beneath  the  surface  the 
baked  earth  above  opens  in  groat  crevices,  admitting  a  down  draft 
of  air  and  maintainino^  further  combustion.  Such  a  ^'burning  mine" 
is  at  present  located  close  to  the  tracks  of  the  Northern  Pacific  Rail- 
way near  Sully  Springs.      (Plate  XXXIT  A.)      Here  a  crater-like 
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(>)     "THE   PALISADES,"    MEDORA.    BILLINGS    COUNTY, 
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depression  about  500  feet  in  diameter  has  been  formed  above  the 
burning  coal.  The  sides  of  wide  fissures  opening  deep  into  the 
earth  glow  white  hot  and  red*  from  the  fires  of  the  subterranean 
furnace.  Great  vcdumes  of  gases,  witii  stifling  and  sulphurous 
odors,  arise  from  the  crater,  but  no  smoke  or  flame ;  the  combustion 
is  complete.  The  fires  advance  slowly  but  with  great  persistence 
against  the  bed  of  coal.  The  vein  at  Sully  Springs  is  known  to  have 
been  burning  during  the  past  twenty-five  years.  In  that  time  the 
crater  has  moved  perhaps  100  feet  northward.  The  advancing 
fire  leaves  behind  it  a  trail  of  red-baked  clay  and  earth  fused  into 
scoriaceous  masses.  This  process  if  extensive  enough  in  the  past 
ages  would  account  for  the  red  strata  so  widely  shown  outcropping 
on  the  hillsides  of  the  Bad  Lands. 

Sentinel  Butte,— (PMes  XXXI  B  and  XXXII  B.)  Throughout 
the  southern  part  of  the  plateau,  standing  back  from  the  streams, 
usually  on  or  near  their  divides,  are  sharp  hills,  serrated  ridges  and 
flat-topped  buttes.  Their  summits,  capped  with  resistant  sandstone, 
mark  the  level  of  the  old'  plateau  surface  upon  which  the  streams 
began  their  work  of  valley  development.  They  are*  remnants  of 
the  unfinished  work  of  the  streams  at  the  stage  of  maturity,  and 
are  termed  by  geographers  Monadnocks.  Such  a  Monadnock  is 
Sentinel  Butte,  located  three  miles  south  of  a  village  of  the  same 
name  on  the  Northern  Pacific  Railway.  From  its  flat  top,  600 
feet  above  the  surrounding  plain,  undulating  and  hilly,  the  land- 
scape spreads  out  to  view  in  all  directions.  The  country  beneath 
appears  as  a  great  map  in  midsummer,  hills  showing  the  gray 
of  range  lands,  and  valley  the  green  and  yellow  of  wheat  and  forage 
crojjs.  The  hill  was  used  in  the  early  Indian  fighting  days  of 
the  northwest  by  the  United  States  troops  as  a  vantage  point  of 
observation ;  hence  the  name  Sentinel  Butte.  Two  of  Custer's 
scouts,  killed  by  the  Indians,  are  buried  near  the  top  of  the  hill. 
Their  grave  is  marked  by  a  little  cairn  and  a  rough  slab  of  sand- 
stone. 

A  vein  of  lignite  coal  ten  feet  in  thickness  underlies  apparently 
the  entire  base  of  the  butte.  From  an  outcrop  of  the  vein  on  the 
north  side  of  the  hill  a  coal  mine  has  been  developed  and  furnishes 
a  good  grade  of  fuel  at  the  cost  of  mining  only. 

The  Plateau  East  of  the  Missouri  River. — That  part  of  the  Mis- 
souri Plateau  extending  east  from  the  Missouri  river  to  the  es- 
carpment joining  the  prairies,  differs  in  its  topographic  features  and 
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drainage  from  the  section  to  the  west  of  the  river.  During  that 
time  in  the  earth's  history  known  as  the  glacial  period  the  irt>nt  of 
a  great  continental  glacier  lay  along  the  crest  of  the  Missouri  es- 
carpment. The  southwestward  advance  of  the  ice  over  the  prairie 
region  from  the  enormous  snow  fields  of  Labrador  was  doubtless 
stopped  by  the  rising  margin  of  the  plateau.  The  debris  carried 
by  the  glacier,  as  fragments  of  rock,  clay  and  boulders,  was  lodged 
in  the  form  of  a  broad  hilly  belt  at  the  edge  of  the  melting  ice. 
This  belt  of  hilly  topog^raphy,  with  its  accompanying  marshes, 
lakes  and  undrained  depressions,  constitutes  the  first  and  outermost 
moraine  of  the  continental  glacier.  The  region  is  known  as  'The 
Hill  Country  of  the  Missouri  Plateau."  From  the  melting  ice  front 
there  flowed  to  the  Missouri  river  glacial  streams  caiT>-ing  great 
quantities  of  sand  and  gravel.  The  valleys  of  these  short  rivers, 
built  up  with  extensive  terraces,  are  prominent  features  of  the 
topog^phy  between  the  Hill  countr}*  and  the  Missouri  river.  Both 
the  hill  country  and  the  valley  region  are  excellent  grazing  lands, 
and  large  tracts  are  being  rapidly  brought  under  cultivation.  Wells 
from  twenty  to  seventy  feet  in  depth  yield  abundant  water. 

Industries. — All  the  plateau  country  of  North  Daokta  is  compara- 
tively new,  but  settlers  are  moving  in  and  land  values  are  rapidly 
rising.  (^Plates  XXXIV  A  and  B,  and  XXX\'  A.)  Stock  raising 
is  at  present  and  will  probably  continue  to  be  the  leading  industry. 
Fine  herds  of  cattle,  horses  and  sheep  feed  on  the  nutritious  grasses 
of  the  plains.  C  Plate  XXXV  B.)  Ranchmen  have  introduced  the 
better  breeds  of  stock  and  realize  large  profits  on  this  branch  of 
industry,  \\hen  crops  adapted  to  the  soil  and  climate  are  intro- 
duced farming  will  become  a  larger  element  of  industr}*  than  at 
present. 
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(»)    FOUR  SISTERS  "HOLDING  DOWN  CLAIMS." 
Vandilia,  Williaml  rauntT. 
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(h)     ONE  OF  THE  SOURCES  OF  NORTH  DAKOTA'S  WEALTH. 
Herd  near  Uindan,  Morton  coimtr. 
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HEBRON,   MORTON  COUNTY. 

irMfin  have  betn  derivtd  from  th«  n 
Ttme  edge  of  Ibe  gUciaifd  ifrtitory. 


i  a  prelimixary  study  of  the  soils  west  of  the 
missol;ri  ru'er. 

By  Daniel  E.  Wii-laru, 


West  of  the  Missouri  river  in  North  Dakota  is  a  vast  region 
about  which  nianj'  erroneous  opinions  have  been  held  by  people 
living  in  other  states  and  in  the  eastern  portion  of  our  own  state. 
North  Dakota  is  so  large  in  extent  that  it  is  not  surprising  that 
there  should  be  many  people  who  have  Hved  two  decades  in  the 
state  and  yet  have  no  definite  knowledge  of  the  character  of  many 
parts  of  the  state.  Many  persons  who  have  lived  and  prospered 
during  a  goodly  period  of  their  lives  in  the  Red  River  Valley,  or 
other  eastern  portion  of  the  state,  have  never  been  west  of  the 
Missouri  river.    It  is  not  strange,  therefore,  that  the  idea  has  gained 

■  wide  acceptance  that  the  country  west  of  the  Missouri  river  is 

[   "Bad  Lands." 

'       This  vast  tlomain  has  but  recently  come  in  for  recognition  as  an 

i  agricultural  region.  So  much  success  has  been  attained  in  this 
region  in  the  grazing  of  cattle,  horses  and  sheep,  and  so  little  at- 
tention has  been  given  to  general  agricultural  pursuits  that,  until 
recently  the  whole  country  west  of  the  Missouri  has  been  generally 
thought  to  be  adapted  to  nothing  except  grazing. 

Within  the  past  three  years  a  great  influx  of  settlers  whose 
puqjose  has  been  general  farming  rather  than  exclusive  grazing. 
has  largely  changetl  the  sentiment  regarding  this  country,  as  it  has 
also  changed  the  character  of  the  pursuits  of  the  residents  in  this 
part  of  the  state.  "Ranching,"  a  provincial  term  for  the  grazing 
of  stock  in  large  herds  on  the  broad  ranges  of  govefnment  or 
other  unoccupied  land,  has  largely  given  place  to  the  more  intensi- 
fied methods  of  diversified  farming,  except  in  those  localities  where, 
due  to  the  natural  roughness  of  the  land  and  its  consefpient 
adaptability  to  diversified  farming,  and  its  more  profitable  use  for 
grazing,  stock  raising  is  still  the  dominant  industry.  The  quest 
of  homeseekers,  both   from  older  and  more  thickly  settled  states 

I'  and  from  foreign  lands,  for  free  government  lands,  has  made  the 


I 
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region  a  mecca  for  immigration.    Farmers  now  live  where  but  one. 
two  or  three  years  ago  was  the  open  range  and  the  unbroken  sod. 

Because  of  these  conditions  little  investigation  of  the  character 
of  the  soil  or  of  the  general  conditions  which  enter  into  the  prob- 
lems of  diversified  farming  has  been  made  in  this  region.  Now 
that  the  land  is  being  so  rapidly  settled  by  farmers,  and  home- 
seekers  are  looking  to  the  newer  sections  of  the  west  for  low  priced 
lands,  many  inquiries  are  being  received  for  information  relative 
to  the  soils  and  the  agricultural  conditions  and  possibilities  of  this 
portion  of  the  state. 

No  detailed  investigation  of  limited  areas,  such  as  have  been  in 
progress  dfuring  the  six  years  since  the  inauguration  of  the  agri- 
cultural survey  of  the  state,  have  as  yet  been  completed,  but  recon- 
naisances  looking  toward  future  more  detailed  surveys  have  been 
made,  and  from  these  preliminary  investigations  it  is  possible  to 
make  some  statements  and  pve  some  information  regarding  the 
western  portion  of  the  state  such  as  will,  it  is  hoped,  assist  those 
who  are  unfamiliar  with  the  conditions  and  who  are  seeking  for 
information  regarding  the  natural  resources,  advantages  and  disad- 
vanrtages  of  this  region  in  some  measure. 

Questions  of  climate,  rainfall,  soils,  water  supply,  available  fuel, 
means  of  transportation,  and  the  like,  are  those  upon  which  the 
prospective  homeseekers  or  recently  settled  homemaker  desires  in- 
formation, and  about  which  the  department  of  the  Agricultural  Col- 
lege having  in  charge  this  sur\*ey,  is  most  frequently  receiving  in- 
quiries. 

A  brief  and  necessarily  somewhat  general  resume  of  what  has 
been  learned  about  the  g^eat  trans-Missouri  domain  of  North  Da- 
kota will  be  attempted  in  this  paper,  the  subjects  suggested  above 
being  each  considered,  and  in  the  order  in  which  they  have  been 
mentioned. 

Climate. — The  climate  of  the  western  part  of  North  Dakota  is  of 
the  healthful  and  invigorating  kind  that  characterizes  the  whole 
state,  though  there  may  be  said  to  be  a  little  odds  in  favor  of  the 
western  portion  as  compared  with  the  eastern.  Warmer  currents  of 
air  from  the  Pacific  ocean  flow  southeastward  after  crossing  the  g^eat 
mountain  axis  in  the  Canadian  northwest,  and  these  wanner  winds 
influence  the  climate.  On  the  whole  the  climate  is  wholesome  and 
satisfactory,  and  few  states  afford  more  healthful  and  invigorating 
conditions.    The  winters  are  cold,  that  is  there  are  times  of  extreme 
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(a)     JACK  WILLIAMS'   RANCH. 
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HOME  OF  E.  PAULSON.  ON  KNIFE  RIVER. 
NatiTc  Ir«9.     A  (ood   Noftb  Dakota  family. 
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(b)     WEST  RAINY  BUTTE.  EASTERN  BILLINGS  COUNTY. 

Gently   rolling,    gnuy    nrairie  lurrinindi   Ibe   butle.      Ci(t[i   BruinR    in    ttu 
Tiken  in  Augiut.     Tbe  white  palcbei  ibow  outcropping  Icdgn  of  rock. 
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severity,  as  indeed  there  are  in  any  of  the  northern  states.  The 
weather  is  not  more  trying,  however,  than  that  of  northern  Illinois, 
Iowa,  southern  Minnesota,  or  western  New  York.  Extravagant 
reports  of -temperatures  are  given  wide  circulation  and  are  often 
accepted  as  true  without  verification.  If  any  one  will  lake  the 
trouble  to  consult  the  government  records  no  justification  will  be 
found  for  sudi  statements  as  47  degrees,  50  degrees,  or  even  55 
degrees,  below  zero,  although  such  reports  go  abroad.  In  very  rare 
instances  39  degrees  or  even  40  degrees  have  been  known,  but  these 
temperatures  are  not  common. 

The  error,  it  may  be  explained,  grows  out  of  the  common  use  of 
cheap  and  unreliable  thermometers.  These  thermometers  have  not 
been  tested  and  vary  from  one  or  two  degrees  to  as  much  as  ten  or 
twelve  degrees.  Thus  a  thermometer  that  hangs  at  the  drug  store 
comer  may  register  4(5  degrees,  48  degrees,  or  even  oO  (icgrees,  or 
more,  while  in  reality  the  registered  thermometer  at  the  same  moment 
and  in  the  same  locality  registers  34  degrees,  or  36  degrees,  or  even 
39  degrees,  though  the  last  named  is  very  rare  for  North  Dakota. 

A  feature  of  the  climate  in  this  region  is  its  uniformity.  It  is 
not  the  extreme  cold  of  winter  or  the  high  heat  of  summer  that 
causes  the  greatest  detriment  to  health,  but  rather  the  sudden 
changes  through  wide  ranges  of  temperature.  The  greater  even- 
ness and  continuity  of  the  conditions  in  North  Dakota  saves  much 
of  the  trying  character  of  winter,  and  the  strain  upon  the  health 
which  is  experienced  in  the  more  easterly  northern  states  generally. 

Rainfall. — ^The  question  of  the  annual  rainfall  of  this  region  is 
one  about  which  there  is  no  little  misconception.  It  has  long  been 
currently  accepted  that  the  rainfall  west  of  the  Missouri  river  is 
not  sufficient  to  make  general  farming  safe  and  successful,  and 
therefore  profitable.  This  p^cncrally  accepted  opinion,  though  re- 
quiring evidence  to  remove,  is  not,  in  the  opinion  of  the  writer,  a 
true  verdict.  The  fact  of  the  amount  of  the  annual  rainfall  is  one 
that  cannot  be  readily  (k*tcrniined  by  the  average  jH^rson  from  gen- 
eral observation,  nor  yet  by  the  closer  observation  of  the  frequency 
and  severity  of  storms,  l^ven  if  one  were  to  keep  a  written  recordi 
of  the  days  when  rain  fell,  a  tiling  that  is  very  rarely  done,  still  he 
would  not  have  a  reliable  record  of  the  rainfall.  It  is  only  by  the 
daily  reading  of  a  scientifically  constructed  gauge  that  a  correct 
record  can  be  obtained.    Within  recent  years  a  considerable  num- 
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ber  of  gauge  stations  have  been  established,  and  these  give  a  reliable 
basis  for  estimating  the  rainfall  for  any  particular  locality. 

Probably  one  reason  for  the  unfavorable  impression  regarding  the 
sufficiency  of  the  rainfall  in  this  region  has  been  that  during  the 
time  since  this  part  of  the  state  has  been  occupied  by  white  settlers 
almost  no  attempt  at  cultivation  of  the  soil  has  been  made,  and  when 
such  attempts  were  made  no  particular  attention  was  paid  to  the 
matter  of  cultivation  or  the  adaptation  of  seed  to  the  conditions  of 
this  region.  Stock-raising  was  the  principal  industry,  and  general 
agriculture  was  not  considered  at  all.  When,  therefore,  an  occa- 
sional small  area  was  ploughed,  seeded,  and  neglected,  and  no  satis- 
factory crop  harvested  it  was  assumed  that  the  trouble  was  due  to 
lack  of  moisture.  It  might  be  said  in  this  connection  that  if  similar 
methods  of  farming  were  used  in  Illinois  or  Iowa  loss  in  quality 
and  quantity  of  crops  and  financial  failure  would  most  certainly 
follow. 

Systematic  records  of  rainfall  covering  any  considerable  number 
of  years  have  been  kept  at  only  a  few  stations  in  this  newer  part  of 
North  Dakota.  Comparison  of  the  average  rainfall,  as  recorded  at 
these  stations,  with  the  records  of  stations  in  other  parts  of  the  state 
where  no  question  has  ever  been  raised  as  to  the  sufficiency  of  the 
rainfall  to  produce  profitable  crops,  furnishes  a  basis  for  an  opinion 
which  at  least  would  seem  to  contain  the  elements  of  fairness. 

The  annual  precipitation*  for  four  stations  located  at  points  either 
on  the  Missouri  river  or  west  of  it  are  given  below,  these  records 
being  for  the  period  of  fourteen  years,  from  1892  to  1905,  inclusive. 
These  are  the  only  stations  in  this  portion  of  the  state  for  which 
complete  records  are  available  for  this  period.** 


■      1892 

1 

1S93 

189 1      ' 

1 

1895 

1896 

1897 

1898 

Bis'narck      

l)ickins*>n     

Fort      N  atc<i      

IS. 17 
» •  ♦ 

21.23 

13.74 
11.64    ■ 
16.30 
15.45    ' 

1 

14.32    1 
«  •• 

12.20   ' 
17.76 

16.92 

•  •• 

12.96   i 
17.07 

16.63 

18.48 

•    20.08 

22.04 

14. S3 

••• 

18. SS 
12.10 

13.67 
11.92 
10.55 
14.44 

Williston     

.  .          14.26 

*Dy  precipitation  i*  meant  rain,  snow,  hail,  sleet,  or  any  form  oi  moisture  that 
i<  •*precipitattd"«.r  falls  from  the  clouds.  All  frozen  forms  of  water  arc  reduced  to 
<.i]uivalent    anio'.mts    in    the    li<:uiii    fi>rm. 

*••  "<impil«-il  fr -m  the  rocv>r<is  of  the  I'nited  .^^tates  Weather  Bureau,   Bismardc,  N.  D. 

**•  Records  wanting  for  certain  months,  so  that  the  correct  amount  for  the  year  cotiJd 
not    be   given. 
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VIEW  LOOKING  EAST,    SOUTHWESTERN  STARK  COUNTY. 

Gcnily  rolling  prairk.  itighlly  broken  by  itreuui. 


(b)     VIEW    LOOKING   WEST. 

road    shown    in    {orcETound    of    (>)    for  both   viewi 
ihansc  in  topograpby  from  prairie  to  bad  landi. 
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D  the  foi<(ioatid.  (See  Fi*t«  L  A.) 


<b)  CORRAL  AT  SHAFER,  SHOWN  IN  (•)  ABOVE. 
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ISgB          IBOO     I     1901 

IBOS 

1M3 

IflOt 

IBOS 

SSS,  ■..■.■...:;:: 

Fort    V«t«    

Willinton    

\l:l\ 

17  88 

15   M 

IS.Ofl 

15.  on 
17.  ao 

isiiQ 

9144 

loias 

10. M 

Soils. — The  soils  of  a  great  part  of  the  region  lying  west  of  the 
Missouri  river  are  different  in  origin  from  the  soils  of  most  of  the 
state,  and  therefore  differ  very  considerably  in  character  from  those 
of  other  parts  of  the  state. 

The  soils  of  any  region  arc  determined  by  the  geological  con- 
liitions  that  have  prevailed  in  the  region.  The  soils  of  this  region 
therefore  differ  from  those  of  other  portions  of  the  state  because  of 
a  difTerent  set  of  geological  conditions  through  which  the  region 
has  passed. 

Most  of  the  state  of  North  Dakota  falls  within  that  great  por- 
tion of  North  America  which  was  covered  by  the  ice  of  the  Great 
Ice  Slieet  during  what  is  known  as  the  Glacial  period,  (See 
Plate  III.)  The  surface  formation  in  the  region  over  which  this 
great  sheet  of  ice  passed  is  often  spoken  of  as  "drift."  This 
drift  formation  is  made  up  of  the  broken  and  pulverized  fragments 
of  the  rocks  of  the  land  surfaces  over  which  the  ice  passed  together 
with  the  original  soil  that  covered  the  face  of  the  landscape  before 
the  invasion  of  the  ice.  In  those  regions,  on  the  other  hand,  where 
the  ice  sJieet  did  not  extend  (See  Plate  III)  the  soils  have  not 
been  modified  by  this  agency,  and  consist  of  the  residual  material 
arising  from  the  disintegrating  or  weathering  of  the  rocks  which 
form  the  foundation  of  the  landscape.  The  soils  in  such  a  region 
are  spoken  of  as  residual  soils,  as  distinguished  from  the  drift  soils 
just  referred  to. 

The  soils  of  any  particular  locality  in  a  region  where  the  great 
ice  sheet  has  never  been  will  therefore  be  made  up  of  the  same  ma- 
terials that  composed  the  rocks  in  that  locality,  minus  whatever  has 
been  removed  by  the  process  of  erosion. 

The  rocks  of  the  great  Missouri  plateau,  of  which  the  region  west 
^y£  the  Missouri  river  is  a  part,  are  mostly  shales,  sandstones,  and 
^ays.  The  soils  are  residual  formations  derived  directly  from  the 
""  f        * 
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decomposition  of  vegetable  matter  such  as  has  g^rown  upon  the 
landscape  during  long  ages. 

Among  the  most  common  types  of  soil  in  the  northern  states  are 
sands,  sandy  loams,  loams,  clay  loams,  and  clays.  These  terms 
have  to  do  with  the  character  of  the  soil  as  to  its  texture  and  com- 
position. Sandy  soils  are  derived,  directly  or  indirectly,  from  sand- 
stone rocks  or  from  rocks  which  when  broken  up  by  weathering 
yield  sand  fragments. 

Clay  soils  are  derived  from  rocks  that  contain  argillaceous  or 
clayey  materials,  such  as  shales,  slates,  and  clay-rock.  Loams  are 
soils  that  contain  some  clav  and  some  sand,  and  these  are  further 
described  as  sandy  loams  or  clay  loams  according  to  the  relative 
amounts  of  clay  and  sand.  Sandy  soils  are  often  spoken  of  as 
"light,"  and  clay  soils  as  "heavy."  Not  that  one  is  lighter  or  heavier 
in  weight,  or  lighter  or  darker  in  color,  but  looser  or  more  com- 
pact in  texture.  "Light"  soils  may  be  dark  in  color  and  "heavy" 
soils  may  be  light  in  color. 

Subsoil  is  that  portion  of  the  surface  formation  which  lies  below 
the  superficial  few  inches,  and  differs  from  the  soil  proper  in  color, 
texture,  and  amount  of  organic  matter  contained. 

In  the  classification  of  soils  the  subsoil  as  well  as  the  surface  por- 
tion is  considered,  inasmuch  as  the  character  of  the  soil,  so  far  as 
agricultural  conditions  are  concerned,  is  determined  by  the  subsoil 
as  well  as  by  the  character  of  the  soil  proper. 

The  soils  of  Oliver,  Mercer,  McKenzie,  northern  Dunn,  and  east- 
em  Morton  counties  are  in  part  glacial  soils,  that  is,  the  soils  are 
not  entirely  residual  (derived  from  the  rocks  in  the  localities  where 
they  occur),  but  have  been  in  part  transported  from  some  distance 
by  the  great  moving  ice  sheet.  A  belt  having  an  indefinite  edge  to 
the  westward  lies  along  the  west  side  of  the  Missouri  river,  which 
belt  represents  the  western  limits  of  the  glaciated  area  of  North 
Dakota,  and  of  the  continent  of  North  America.  (See  Plate  III.) 
This  "belt"  of  land  along  the  west  side  of  the  river  shows  by 
the  character  of  the  soils  and  rocks  that  the  great  continental 
glacier  was  once  here.  The  western  portion  of  the  belt  fades  out  and 
becomes  un distinguishable  from  tlie  land  farther  west  over  which 
the  ice  did  not  pass,  but  the  eastern  part  of  the  belt  is  sufficiently 
modified  as  to  the  soils  and  the  landscape  features  to  be  readily 
recognized. 
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{»     SANDSTONE    CONCRETIONS,    NEAR    SCHAFER,    M*EENZie    COUNTY. 
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PLATE  XLIIL 


(b)     NAKED  CLAY   BUTTE  WITH   FLUTED   SIDE. 
Cb«'i7  Creek,  lootb  of  Schitcr. 
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CHKST    OF    HILL    IX    RAGGED    BUTTE5.    M'KENZEE    COUNTY, 
Sbowing  crou-bedded  itrala  of  unditonc. 
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For  a  distance  of  15  to  30  miles  west  of  the  river  the  soils  are 
considerably  modified  by  the  presence  of  drift.  Fartfier  from  the 
river  the  presence  of  drift,  and  therefore  the  presence  of  the  one- 
time ice  sheet,  is  shown  by  the  occurrence  of  scattering  boulders  of 
^[Tanite.  Where  only  a  few  boulders  occur,  and  these  scattered 
ividely  so  that  the  traveler  sees  a  single  one  or  a  cluster  of  them 
only  at  intervals  of  many  rods  or  even  miles,  the  soil  is  not  thought 
to  have  been  greatly  modified  by  the  presence  of  drift,  but  is  largely 
residual  in  its  origin.  In  the  region  nearer  the-  river  the  ocairrence 
of  boulders  is  common,  and  the  soils  show  evidence  of  the  influence 
of  drift  sands  and  gravels,  silts  and  clays. 

The  soils  nearer  the  river  resemble  the  soils  on  the  east  side  of 
the  river  and  the  interior  [)ortion  of  the  state.  The  soils  in  the 
region  farther  west  than  any  boulders  of  granite  occur  constitute  a 
different  class  of  soils.  These  last,  as  indicated  before,  are  residual 
soils  formed  from  the  rocks  of  the  region.  Along  the  western  por- 
tion of  the  indefinite  belt  referred  to  the  soils  are  influenced  less 
and  less  by  the  drift  the  farther  west,  and  more  and  more  by  the 
drift  farther  east. 

The  soils,  therefore,  in  the  belt  bordering  the  Missouri  Tiver  on 
the  west  constitute  a  transition  type  from  the  glacial  soils  of  the 
eastern  portion  of  the  state  to  the  non-glaciated  or  residual  soils 
of  the  southwestern  portion.  ^ 

The  soils  in  any  region  are  an  expression  of  the  geological  pro- 
cesses  that  have  occurred  there.  The  soils  in  the  regions  beyond  the 
limits  reached  by  the  great  continental  glacier  will  have  a  different 
geological  history  from  the  soils  where  the  action  of  the  great  ice 
sheet  affected  the  whole  land  surface. 

In  western  Morton,  southern  Dunn,  Hettinger,  Stark,  Billings 
and  Bowman  counties  the  soils  are  residual  in  character,  that  is, 
have  been  derived  from  the  layers  of  rock  which  underlie  the  land- 
scape. These  rocks  were  orij^^inally  deposited  on  the  bottom  of  a 
shallow  sea,  and  when  first  thrown  down  as  sediments  were  in  the 
form  of  mud  and  sand.  During:  the  lapse  of  time  they  became  solidi- 
fied into  stone  or  rock.  The  layers  or  shelves  of  rock  that  jut  from 
the  sides  of  buttes,  and  the  cratifs  and  pinnacles  that  project  from  the 
crests,  are  eroded  edges  or  parts  of  the  rock  layers  that  were  once 
the  muddy  or  sandy  lx)tt(Miis  of  the  sea.  (Plate  XLIV  A,  B.)  All 
the  rock  that  used  to  be  between  the  hills,  that  is,  the  material  that 
once  filled  the  present  valleys,  has  been'  removed  by  erosion  and 
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"carried  down  stream"  by  the  creeks  and  rivulets,  and  the  waters 
of  melting  snows  and  spring  rains  that  flow  oflf  from  the  land. 
(Plates  XXXIX  A,  B;  XL  B;  XLI  A;  XLIII  A,  B;XLV  B; 
XLVI  A.) 

It  is  as  a  result  of  these  erosion  processes  acting  upon  the  rocks 
of  the  region,  together  with  the  effects  of  weathering,  that  the 
present  soils  have  come.    Where  the  rocks  are  sandstone  the  soils 
are  pretty  apt  to  be  sandy,  because  the  sandstone  is  merely  sea  sand 
compacted  into  stone.    When  the  stone  breaks  up  by  the  action  oF 
frost  and  sunshine  the  rock  becomes  sand  again.    If  a  good  deal  o^ 
running  water  goes  off  from  any  particular  region  where  it  is  sand\p^ 
the  more  clayey  parts  are  carried  away  by  the  water,  and  the  heavier^ 
sand  is  left  behind.    It  is  this  process  of  disintegrating  and  carrying- 
away  the  finer  parts  of  the  soil  that  makes  the  flood  waters  of  the 
streams  roilly  or  muddy. 

The  soils  in  the  region  west  of  the  drift  covered  belt  referred  to 
are  determined  in  character  by  the  kind  of  rock  in  the  particular 
region  and  the  character  of  the  erosion  or  washing  that  have  taken 
place.  Apart  from  the  bottoms  and  benches  along  the  streams  the 
soils  are  of  about  four  general  types:  (1)  the  heavy  lands  in  the 
lower  places  (often  locally  called  "gumbo")  ;  (2)  the  sandy-loani 
soil  of  the  rolling  prairies,  which  is  also  underlaid  with  a  clay  sub- 
soil; (3)  the  soil  of  the  higher  hills  and  ridges  (Plates  XLII  A,  B; 
XLVII  B),  which  is  often  sandy  or  stony  in  character;  and  (4)  the 
eroded  and  dissected  or  broken  portions,  called  "bad  lands."  (Plates 
XXXIX  A,  B ;  XL  B ;  XLIII  A,  B ;  XLV  B.) 

The  "gumbo"  soils  in  the  valleys  are  often  in  nearly  level  tracts. 
(Plates  XL  A;  XLIX  A.)  In  fact  it  is  not  infrequently  the  case 
that  the  land  is  so  nearly  level  that  drainage  is  diflScult.  The  tex- 
ture and  character  of  the  soil  in  these  places  is  that  of  a  fine  gprained 
and  compact  clay,  and  is  not  infrequently  somewhat  alkaline.  The 
clay  appears  to  have  been  derived  from  a  shale-clay  formation 
which  is  one  of  the  rock  formations  of  this  region.  In  this  shale- 
clay  arc  some  alkaline  mineral  substances  which  were  deposited  with 
the  muds  upon  the  ancient  sea  bottom.  These  mineral  substances 
accumulate  in  the  low  places  where  there  is  not  drainage  sufficient 
to  carry  them  away. 
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PLATE  XLV. 


{•)     W.  W.  PHELPS'  RANCH,  GREEN   RIVER,  NORTH  OF  DICKIMSOK. 
Sbowine  the  broad  floodpliin,    wiih  alow  meandering  itieam. 


b)     VIKW   IN  Tin;   BAD   LANDS  OF  THE   UPPER   LITTLE  MISSOURI   RIVER, 


<i' 


J 
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PLATE  XLVL 


(a>     IN  VALLEV  OK  CHERRY  CREEK.  GELOW  SCHAFER. 
CIsy  butles  with  naked  sides  bordering  the  Bat-bottomed  valley,  through  which  mesndtri 


RUSSELL'S    RANCH,    SOUTHERN'    BILLINGS    COUNTY, 


luildineis,     A  borne   for  ■ 
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PLATE  XLVII. 


(a)     IN  THE  RUGE  OF  THE  BAD  LAMDS. 
Easl  of  Cherry  creek.     Showa  Ihe  hilEsidea  hal(  grau  c 


p>^ 


AGRICULTURAL  COLLEGE  SURVEY, 


PLATE  XLVin. 


(»)   CUSKELLY  RANCH,  KILLDEEH  MOUNTAINS,  NORTHERN  DUNN  COUNTY. 

The  top  at  lh«  "mountains"  a  a  nearly  level  plain.  Hard  XraU  of  sandilone  projec 
from  the  aides.  The  top  of  the  plateau  is  about  700  feel  above  the  luirounding  priirie. 
A  line  spling  gushes  from  the  hillside  back  of  the  house. 


(b)     "HOME  MADE"  IRRIGATION  TLANT  OF  E.  PAULSON,  ON  KNIFE  RIVER. 
along  the  valley. 


^ 
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The  sandy-loam  soils,  ivhen  underlaid  with  a  clay  snbsoil,  are 
"the  best  soils  of  this  region  for  general  agricultural  purposes.  And 
this  type  of  soil  embraces  by  far  the  greater  part  of  the  agricultural 
lands*  throughout  this  region.. 

The  soil  is  described  as  a  sandy  loam.  This  means  that  in  texture 
the  soil  is  more  light  and  porous  than  the  heavier  clay  soils  of  the 
low  places  described  above,  and  yet  contains  enough  clay  to  give 
body  and  firmness  to  the  soil.  It  is  usually  dark  in  color  due  to  the 
presence  of  organic  matter.  When  underlaid  with  a  clay  subsoil 
this  gives  support  to  the  soil  by  holding  the  soil  moisture  from  drain- 
ing away  too  rapidly  and  furnishes  a  supply  of  moisture  from  below 
to  the  soil  above  during  the  warm  summer  months  when  crops  are 
growing. 

In  the  third  type  of  soil  referred  to,  if  indeed  it  may  be  called  a 
soil  type,  the  surface  formation  of  the  hills  and  ridges,  is  included 
the  high  or  stony  parts  of  the  hills  or  buttes,  and  the  higher  ridges 
which  arc  capped  with  sand  derived  from  a  sandstone  rock  layer, 
but  still  covered  with  grass  or  other  vegetation.  (Plates  XLII  A, 
*  B;  XLVII  A;  XLVIII  A.)  This  type  is  such  as  will  furnish  pas- 
turage, but  will  not  generally  be  of  much  value  for  other  farming 
purposes. 

The  fourth  or  "bad  lands"  type  is  that  characteristic  kind  of  land- 
scape which  is  widely  known  as  "bad  lands,"  but  which  in  reality 
should  be  called,  as  first  named  by  the  early  French  explorers 
"bad  lands  to  travel  through."  These  lands  are  not  adapted  to 
general  farming,  and  are  not  included  in  the  general  classification 
of  agricultural  lands.  They  are  lands  well  adapted  to  grazing, 
but  are  inaccessible  to  general  farming.  The  hillsides  are  often 
naked  of  any  vegetation,  the  layers  of  shale,  shale-clay,  and  sand- 
stone extending  to  the  surface  without  covering  of  any  trace  of 
soil.  (Plates  XXXIX  A,  B;  XL  B;  XLIII,  A,  B;  XLV,  B; 
XLVII  B.)  Soils  derived  directly  from  the  croism  or  washing  and 
.  disintegration  of  these  naked  rocks  accumulate  in  the  valley  bottoms, 
(Plate  XVII  A,  B.)  and  these  soils  support  nutritious  and  valuable 
varieties  of  grasses,  and  produce  large  crops  of  alfalfa,  timothy, 
oats,  barley,  and  garden  crops  when  cultivated.  The  areas  that 
are  available  for  cultivation  are  however  usuallv  limited,  so  Uiat  the 


*V>y  aRrictiltural  lands  is  meant  all  tlioso  lands  that  are  in  any  reasonable  sense 
fit  for  Rcneral  farniinjr,  and  the  term  ineludcs  all  the  land  that  might  reasonably  be 
ploughed,    but    d(,ts    not    include    rocky    hill    crests    or    "bad    lands." 


152  SOILS    WEST  OF  THE   MISSOURI   RIVER 

general  fact  remains  as  stated,  that  these  lands  are  best  adapted  to 
grazing  and  not  to  general  farming. 

The  soils  of  the  stream  bottoms  and  benches  comprise  a  group  of 
soil  types  falling  in  a  class  by  themselves,  and  differing  from  those 
above  described.  The  flats  and  benches  along  the  stream  courses 
represent  deposits  made  during  the  flood  stages  of  these  streams. 
(Plates  XLI  A;  XLVI  B;  XLIX,  B.)  By  flood  stages  is  here 
meant  those  times  in  the  past  when  vastly  larger  streams  flowed 
down  these  water  courses  than  any  that  ever  flow  in  them  now  even 
during  the  highest  freshets. 

V  It  is  not  necessary  to  give  here  any  geological  history  of  these 
streams,  but  merely  to  refer  to  the  facts  that  have  a  bearing  on  the 
present  character  of  the  soils. 

The  soils  of  the  broad  level  benches  that  border  most  of  the  larger 
streams  frequently  have  a  gravelly  subsoil.  This  renders  the  prob- 
lem of  their  successful  use  for  farming  lands  a  somewhat  critical 
one,  since  the  gravel  subsoil  permits  of  ready  underdrainage,  and 
does  not  afford  a  sufficient  conservation  of  the  soil  moisture  for 
cereal  crops  during  many  seasons. 

No  general  rule  can  be  laid  down  however  for  all  these  lands. 
The  soils  and  subsoils  represent  floodplain  deposits  of  streams 
heavily  laden  with  sediment.  Such  streams  deposit  their  burden  of 
earth  materials  whenever  the  current  is  slackened.  The  soils  will 
differ  therefore  in  different  places,  and  often  within  short  distances, 
according  to  the  conditions  which  effected  the  rate  or  flow  of  the 
waters  of  the  stream. 

The  particular  consideration  of  these  stream  deposited  soils  must 
await  the  more  detailed  investigation  of  a  systematic  soil  survey 
before  they  can  be  correctly  mapped  and  the  types  defined. 

In  many  instances  the  flats  or  bottom  lands  constituting  the  lowest 
extensive  floodplain  are  sufficiently  heavy  to  make  valuable  farming 
land,  and  some  fine  hay-meadows  may  be  developed  on  these  lands. 
(Plate  XLVI  A.)  On  the  other  hand  some  of  the  bench  lands, 
while  level  and  beautiful  to  look  upon,  are  too  sandy  in  texture  and 
the  sub-soil  too  loose  and  porous  to  make  farming  by  the  ordinary 
ir.cthads  profitable. 

Wafer  Supply. — The  supply  of  water  from  streams  and  springy  in 
the  ro^^ion  of  North  Dakota  west  of  the  Missouri  river  is  much  great- 
er tlian  tliat  i^^cncrally  throughout  the  eastern  half  of  the  state. 
XoiK-  of  tlu'  streams  west  of  the  Missouri  are  large  except  during 
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PLATE  XLIX. 


(b)     AN  OUTCROPPING  LEDGE  OF  Lir.NITE  COAL.  KEAR  SAXD  CREER  P.  0, 

The  roal   Kara   has   bcrn   cxposrd   by  ihe   eiosion  of  tbe  banks   of   S>ad  aetk.     The 
Mtta  it  MtimBted  to  be  40  feet  in  thickneta. 


Ua 
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the  rainy  seasons  and  times  of  melting  snows.  However  there  is 
a  constant  supply  of  water  for  stock  during  the  entire  year  in  the 
larger  streams.  (Plates  XXXVII  B;  XLI  A;  XLII  A;  XLVII 
A,  XLVIII  B;  L  A.)  Streams  and  springs  have  furnishied  the 
water  supply  for  the  stock  of  the  ranges  during  the  past,  but  with 
the  settlement  of  the  country  by  farmers  this  supply  will  be  insuffi- 
cient, and  owing  to  the  distances  it  would  be  impracticable  for  the 
settlers  generally  to  depend  upon  the  water  of  the  streams.  Some 
fine  springs  furnish  excellent  water  and  an  abundant  supply,  but 
this  supply  can  be  only  made  available  to  the  few  who  are  so  for- 
tunately situated  as  to  have  access  to  a  spring. 

Obviously  therefore  the  question  of  a  water  supply  from  wells  is 
soon  bound  to  become  a  practical  question. 

So  far  as  this  problem  has  been  solved  by  the  practical  test  of 
experience  the  results  seem  very  favorable  and  satisfactory.  Few 
tests  for  artesian  water  have  been  made,  and  the  question  of  arte- 
sian or  flowing  wells  is  therefore  largely  an  open  one,  though  there 
seems  to  be  ground  to  doubt  if  artesian  water  will  prove  to  be 
available  in  this  region  generally.  However  the  sandstone  layers 
underlying  the  country  should,  and  probably  do,  contain  abundant 
supplies  of  water,  so  far  tis  geological  deduction  gives  a  due.  Ex- 
perience in  digging  wells  wherever  observations  have  been  made 
seem  to  substantiate  this  view.  Good  supplies  of  water  are  obtained 
in  wells  from  25  to  70  feet  in  depth,  so  far  as  records  are  at  hand 
to  show.  Nothing  like  a  complete  summary  of  the  records  of  the 
known  diggings  has  been  made  by  this  survey  as  yet,  and  the  knowl- 
edge at  hand  is  limited  to  the  occasional  observations  made  in  vari- 
ous parts  of  the  region.  These  observations  lead  to  the  tentative 
conclusion  that  there  is  probably  an  abundance  of  water  of  good 
quality  to  be  had  at  depths,  as  before  indicated,  of  25  to  70  feet, 
though  it  may  Ixi  found  necessary  to  ^o  to  p^reatcr  depths  in  some 
cases.  The  water  should  ho  ^ood,  based  on  j^^colop^ical  evidence,  for 
it  is  almost  always  the  case  that  water  that  is  derived  from  sand 
or  gravel  beds  is  of  good  quality,  often  soft,  and  generally  free  from 
alkali  or  other  undesirable  mineral  substances. 

Fuel. — Western  North  Dakota  is  abundantly  blessed  in  the  matter 
of  natural  fuel  sup])ly.  Tt  is  probably  nut  an  overestimate  to  say 
that  there  is  reasonable  assurance,  based  upon  geological  investiga- 
tions, that  coal  seams  underlie  practically  all  of  the  region  west  of 
the  Missouri  river  and,  not  only  this,  but  it  is  sa  situated  that  mines 
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can  be  operated  almost  anywhere.  (Plates  XXXIII.  B ;  XLIX,  B.) 
There  are  scores  and  hundreds  of  outtroppings  of  lignite  coal  of 
good  quality  tliat  have  never  been  touched  by  way  of  develt^metit 
simply  because  there  are  so  many  accessible  openings,  so  many 
workable  mines  distributed  wherever  there  is  a  demand  for  coal. 
^tany  farmers  own  their  own  coal  mines,  just  as  in  the  eastern 
states  farmers  own  a  "wood  lot." 

Coal  can  be  had  in  hundreds  of  places  for  the  mere  labor  of  min- 
ing. In  other  cases  farmers  drive  to  the  mine,  have  their  wagons 
filled,  and  then  haul  home  their  supply,  paying  perhaps  $1.00  per  ton 
for  the  coal  loaded  at  the  mine.  Or  it  can  be  purchased  delivered 
for  a  price  that  merely  pays  for  the  mining  and  hauling. 

Lignite  coal  burns  without  the  smoke,  soot,  and  disagreeable 
blackening  that  accompanies  the  use  of  the  bituminous  coals  of  the 
Mississippi  valley.  A  sup])Iy  of  fuel  for  a  North  Dakota  winter  costs 
not  to  exceed  one-fifth  of  what  it  costs  for  southern  Minnesota, 
Iowa,  or  Wisconsin  winter. 

Traiisporlation. — One  of  the  most  serious  hindrances  to  the  suc- 
cessful development  of  the  great  region  west  of  the  Missouri  river 
at  present  is  the  problem  of  transportation  of  farm  products  and 
accessibility  of  local  markets.  At  the  present  time  the  counties  of 
Hettinpcr,  Oliver.  Mercer,  Dunn,  McKenzie,  and  Bowman  are 
without  railroad  facilities,  and  the  result  is  a  long  and  tedious  jour- 
ney to  and  from  local  markets.    (See  Plate  L  B.) 

Tliere  is  reason  to  believe  that  in  the  near  future  better  railroad 
facilities  will  be  afforded.  As  siion  as  there  are  products  to  be 
transported  and  supplies  to  be  brought  in,  as  demanded  by  an  in- 
creased population,  a  natural  result  would  be  that  roalroads  would 
seek  these  avenues  of  business.  Already  several  surveys  have  been 
made  in  various  parts  of  the  vast  region  west  of  the  Missouri  river, 
and  it  may  confidently  be  predicted  that  soon  there  will  be  lines  of 
railroad  traversing  these  bro.id  and  fertile  lands. 
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(b)     NOTHING  LIKE  THE  HORSE  AFTER  ALLl 
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